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BIRTH OF A SHIP 

Sbipjards, vitallj important to the natioa^s being, are introduced tg us in a striking scene. 
Early in diis ship^s construction, the tank top plating is fitted in ^strake^ laidjore and afu 



OUK SHIPS AND THOSE 
WHO BUILD rHEM 

By W. MUCKLE, M.Sc. 

Choosing a site Jot a shipyard. Many types oj craftsmen combine to build Britain's 
ships. How planning and designing are done — value oJ scale models. Work in the 
“mould-loft, The keel is laid. Frame-turning^ riveting and welding. How a ship 
is made watertight. Another vessel goes down the slipway. How launching is done. 


W E know the ships; we accept 
their existence with a whole- 
hearted admiration of the gallant 
souls who adventure in them to the ends 
of the earth. But what of those to whom 
the ships are due? This chapter is devoted 
to them and the mighty industry they 
serve so well? 

The location of shipyards throughout 
the country is dependent on several 
factors. Firstly shipyards must be situated 
near water so that ships can be easily 
launched. It is essential, too, that the river 
on which a shipyard is situated be suffi- 
ciently broad to make launching possible. 
To a large extent the breadth of a river 
and the launching facilities govern the 
size of ships which can be built there. 

The yard is usually constructed on 
ground which has a gradual slope down to 
the river. Rivers with very steep banks 
are unsuitable for shipbuilding, unless a 
great amount of money is spent on 
excavation to prepare a suitable site, A 
shipyard must also have a considerable 
water frontage so that fitting out quays 
can be constructed. Besides the space 
available for building berths, the shipyard 
must have sufficient space to accom- 
modate the various shops where the 
material is prepared before being put on 
board the ship, as shown in Fig. i. 

Easy access to raw material is another 
factor affecting a shipyard’s location. A 


yard should usually be close to a railway, 
and should be within near reach of a steel- 
works from which the steel plates and bars 
for the construction of the ship are 
obtained. It used to be vitally important 
that yards should be within easy reach 
of coal supplies, but nowadays, with the 
adoption of more electrical machinery in 
shipyards, the question is .not so urgent. 

Where ships are made 

All this has led to the concentration of 
shipyards in certain areas of the country 
where there are good rivers. Two of the 
most important areas in the British Isles 
which have been responsible for much of 
the nation’s tonnage are the north-east 
coast of England and Clydeside. Many of 
the merchant! vessels which have made 
history have come from these two cele- 
brated districts. 

The men employed in the construction 
of ships are divided into different trades, 
each with its special duties to perform, 
and the finished ship is the result of the 
united efforts of many craftsmen. 

One of the most important depart- 
ments of the shipyard is tht “mould-loft” 
or the “laying-off loft.” The loftsmen are 
responsible for drawing out full-size 
sections of the vessel and for preparing in 
wood all the necessary templates from 
which the various parts of the ship are 
constructed. The accuracy with which 


s 
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E ... , d-cjjt VIEW OF A 

Tff^ 1 eo-operaoo;, Ween many trW. £ecA eftfce 

different departments shown in the above drawina has been caieFullv olann,^ A, • 



BRITISH SHIPYARD LAYOUT 

It is essential that the shijyard be situated on a river broad enough to make launching possible, 
and it is advantageous that the jard should have sufficient water frontage to construct quajrs for 
fitting ouU Trovision must also be made for the different shops involved in the work <f construction^ 
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the ship is finally assembled depends to a 
large extent on the care with which the 
loftsmen do their work. An error here 
may mean considerable waste of time. 

When the steel is received in the yard 
in the form of plates and bars, it is only 
approximately correct in size and shape. 
The men responsible for cutting the plates 
and bars to the correct size are known as 
**platers.” They prepare the material 
according to the working drawings and 
information supplied by the loft. The 
plates and bars are cut by them to the 
true size and shape and have any holes 
punched, such as rivet holes. The platers 
are often sub-divided into groups or 
“squads” which specialize in preparing 
the material for particular parts of the 
ship. Thus there are shell-platers who 
prepare the plates for the outside of the 
ship or the “shell” ; deck-platers, etc. 

Task of the shipwrights 

To the shipwrights is allotted the ‘task 
of erecting much of the material on the 
berth. The first job done by them is the 
laying of the keel and, for this purpose, 
blocks mtjst be erected and lined-off to 
the correct slope to the horizontal or 
“declivity.” They also erect and fair up 
the frames and floors. The floors are 
vertical plates in the bottom of the vessel 
varying in depth according to the size of 
the vessel. Often they are 40-in. or more 
in depth. These plates extend across the 
ship and are spaced 24-in. or more apart. 
At the sides of the vessel, the side- 
frames are attached to the floors one to 
each floor. The frames are bars extending 
from the floors up to the deck, and the 
shell plating is attached to these frames. 
The shipwright is responsible for the 
erection and feiring of these parts so that 
the plating can easily be fitted on to them. 
In Fig. 4 are seen the floors and frames 
of a vessel when erected and faired. , 

Frame-turners are responsible for bend- 
ing the side-frames to the correct shape. 


This job must be done by heating the 
frame to a red heat in a furnace and then 
forcing it round a set iron bent to the 
correct shape and fastened to an iron 
slab. Fig. 4 shows how this is done. The 
correct shape of each frame is given to the 
frame-turners by the loft. The frame is 
clamped in position while hot and is 
allowed to cool. In cooling, the frame 
tends to unbend and the frame-turner 
must allow for this divergency by giving 
the frame a little extra curvature. 

Old and new methods <f riveting 

Riveting and welding are the two 
methods of attaching the various parts of 
the vessel nowadays. Although the amount 
of welding employed in shipbuilding is 
rapidly increasing, and some all-welded 
ships have been built, a vast amount of 
riveting is still done. There are three 
types of riveting — hand, pneumatic and 
hydraulic. Pneumatic riveting has now 
largely replaced hand riveting. Hydraulic 
riveting is used whenever possible in 
merchant-shipbuilding, but difficulty is 
often experienced because the jaws of the 
hydraulic riveter must be able to get 
round the job (Fig. 3). This type of 
riveting is therefore limited in its applica- 
tion, but pneumatic riveting can be used 
in most work (Fig. 2). The rivets are 
first made red hot in a coke fire, oil or 
electric oven. Heaters are usually boys, 
but women are now- being employed on 
this work. The red-hot rivet is then put 
through the holes in the plates which have 
to be riveted, and a holder-up keeps the 
rivet in the hole with a heavy hammer 
while the pneumatic riveter is applied to 
the point which is hammered out almost 
flat. Tlie pneumatic riveter is really a 
hammer, operated by compressed air, 
striking the rivet very rapidly. When the 
rivet has been hammered up to the 
riveter’s satisfaction, he chips off any 
excess metal so that as smooth a finish as 
possible is obtained. The efficiency of the 
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RIVETING A ship’s SHELL PLATING 


Fig. 2. Red-hot rivets are placed in the holes and hammered up with the pneumatic riveter* 
Meantime, to hold the plates in place th^ have been temporarily bolted to the frames. Some of 
these bolts, to be removed when riveting is done, can be seen in the illustration. The seaworthiness 
of a ship may depend on the quality of the riveting and the shill with which it is executed, 
s.o.p.j. — 
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riveting depends upon the accuracy with Caulking is necessary on riveted steel 
which the holes have been punched. work, to make the joints watertight (Fig. 

Welding • is usually now done by 4). Caulking is unnecessary when material 
means of the electric arc process. The has been welded. The caulker who 
parts to be welded are first brought to- carries out the process usually does the 
gether and the welder strikes an arc job nowadays with a pneumatic caulker 
between the job and the electrode, which similar to a pneumatic riveter. The edge 
he carries in a holder. An electric current of the plate to be caulked is first split 
passes -from the generator through the with a splitting tool. The lower part is 
electrode across the arc through the job then stemmed in, pressing it hard against 
and back to the generator. The heat the other plate, and maintaining water- 
generated causes the weld metal to tightness. Along the edge of a caulked 
become molten and also raises the parts to seam a distinct groove can be felt, 
be welded to a high temperature in way of 

the weld. As a result the two parts are Blacksmiths aboard ship 

fused together into one piece. The welder Blacksmiths have work to do on board 
must protect himself from sparks and ship. These craftsmen make such things 

from the blue light which comes from the as rails and stanchions, awning stanchions, 
arc. Protection against this is afforded by hinges, cleats for holding the wooden 

a semi-transparent shield. sparring in the holds and gear for battening 



GIANT RIVET HAMMER 

Fig. 3, This powe^ul hydraulic riveter is punching rivets in a part of the hull of a Britisk 
warship. Although used extensively, this method is not always found practicable because the jaws 
of the riveting hammer must be able to encircle the Job on hand. 


SWUNG INTO PLACE 

In the shipyards great masses of steel are swung into position. Here a margin plate (showing the 
angle bars to which the frame brackets are attached) is being lifted into place on the outside of a 
vessel — in this case less advanced than the one on page 4. 


down hatch covers, and other essentials. 
Plumbers are responsible for fitting 
some of the piping. Their work covers 
the water services to the accommodation, 
including washing and drinking. 

Fitters are employed for fitting piping 
to ballast tanks, other work by them 
including fitting of the steering gear, 
watertight doors, steam piping to winches 
and windlasses, etc. 

Carpenters are responsible for the 
fitting of much' of the woodwork. They 


make and fit hatch covers and the 
sparring in the holds which protects the 
cargo from damage against the frames. 
They also prepare and lay wood decks 
which are often fitted over the top of 
steel decks. On the other hand, joiners 
do the interior woodwork in cabins and 
deal with the interior fittings. In an 
ordinary cargo ship, the joinery repre- 
sents a small proportion of the work to be 
done, but in passenger vessels a great deal 
of it has to be provided. 
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ERECTING THE MAIN FRAMES 

^ter being bent to the required shape, a ship^s frames are slung into position and temporarily 
bolted in place. They are then raised up and riveted to the rest of the structure. It is in this way 
that a ship grows, each one of its members having its exact function in the complex structure. 

Painters have a great many tasks to and the designing office. The designing 
perform, from the painting of the outside office is the department which first deals 
of the hull — extremely important, as with the ship. The method adopted by 
preventing corrosion, as well as from the the prospective owner is to send out an 
point of view of appearance — ^to the in- enquiry to various firms asking for a 
terior painting and decorating. Often design which will fulfill certain require- 
the decorative work is sub-contracted. ments. The shipyards then prepare designs 

and quote prices for which they will be 
Men who design our ships prepared to cany out the work. It is 

So far we have mainly considered the essential, therefore, for the shipbuilder 
men who build the ship and assemble the to have an expert staff of estimators who 
component parts. Before the construction can forecast as accurately as possible the 
of a new ship can be started, however, cost of building the ship. This price is 

much preliminary work must be done, worked out after the technical require- 

The layout of the ship must be mapped ments of the enquiry have been satisfied 

out on paper and the working, drawings and a plan of the vessel drawn out in the 

prepared for the various parts. All this is designing office. 

done in the offices — ^the drawing office Taking as an example a cargo ship, the 



PRELIMINARY PLANNING 
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inforaiatdon which the designer requires 
before starting to build up his design is 
briefly as follows: — (i) The “dead- 
weight” or load which the ship has to 
carry — ^this includes the weights of cargo, 
fuel (bunkers), stores, and crew and 
effects; (2) Type of cargo — ^this often 
gove;ms the type of ship: e.g., if the vessel 
is to cany oil in bulk, die t?^e of ship will 
be a tanker which has special features of 
its owh; (3) Type of machinery: i.e., 
whether steam or oil engines, and 
whether the boilers have to be coal or 6il 
fired — ^many variations in type of machin- 
ery are now possible and the shipbuilder 
is often asked to quote for different types ; 
(4) Speed ; and (s) The length of voyage 
which the ship has to be capable of with- 


out putting in for refuelling. 

The designer’s first task is to get out 
the approximate size of the ship: that is 
to determine the three principal dimen- 
sions, length, breadth, and depth. In 
doing this he must ensure that the ship is 
economical to run. In particular, he has 
to be sure that it is neither too short nor 
too bluff for the speed required. Usually 
for fast vessels the length must be in- 
creased and the form made finer. Once 
the dimensions and fullness of the form 
have been fixed, the total weight or 
“displacement” of the vessel is deter- 
mined. The maximum draught of the 
vessel, that is the amount which the 
vessel can be immersed measured from 
the bottom up to the load waterline, is 



HOW A ship’s “skin” GROWS 

When fitting the shell plating, the inside strokes are put on first and bolted to the frames. Above 
are seen two lines <f plating with a gap between where the outside stroke will eventually be fitted. 
How man is dwafed bj his own productions is well suggested in this low angle shot. 
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FROM KEEL PLATE TO LAUNCHING; 


Fig. 4. How a ship is built, from l<ying the heel plate to the moment (^launching, is here dis-^ 
played in a series of stages. Insets show how the frames are bent into shape and assembled; methods 
if riveting and caulking; and finally the means whereby the slipways function in the launching* 




STAGES IN CONSTRUCTION 



THE GROWTH OF A VESSEL 

Thereafter a ship has still to be fitted out and finally tested hfore beginning her career as a 
seagoing vessel. What fitting out means is epitomized in Fig. 6 which suggests how much has 
jet to be done before the ship can be reasonably said to be completed in each of its parts.. 


l6 OUR SHIPS AND THOSE WHO BUILD THEM 

now governed by international regula- ^-in. = i-ft., and when it is finished the 
tions, involving the “Plimsoll Mark,” form is nearly always tank-tested, 
which is put on the ships at amidships. Some firms have their own experimental 
When at sea in the summer season, the tanks, but more often forms are tested at 
vessel must not be loaded so that the line the National Tank at Teddington. This is 
passing through the centre of the circle is part of the National Physical Laboratory, 
immersed. Thismaximum draught depends A wax model of the vessel to be tested is 
upon the dimensions and form of the vessel, made and the model is towed through 
An important feature in the design of water at the appropriate speed. The force 
modem vessels is a form requiring as little necessary to tow the model is measured ; 



ERECTING THE FLOORS 

A fioor plate is being slung into position bj means of a crane. It will be temporarily bolted to 
the centre girder or vertical keel to keep it m position, ^ter a number <f floors have been f tied 
and faired” th^ are riveted to the centre keel, 

power as possible to drive it at a given that is the resistance of the model. From 

speed. The plan which shows the form of this resistance it is possible to forecast 

the vessel is known as a “lines plan.” This the resistance of the full-size ship. When 

shows a series of sections through the all the work is finished, a report is sent 

vessel in three different directions— back to the shipyard giving any recom- 

body sections, waterlines and buttocks, mended modifications and approximately 

All these lines must be fair, smooth the power necessary to drive the ship, 

curves if die best results are to be In addition to this routine work of testing 

obtained in the finished vessel. The plan models for shipyards, a great deal of 

is usually drawn in the office to a scale of scientific research is carried out. 




PREPARING THE WORKING DRAWINGS 



FITTING THE DECK PLATING 

Fig. £, Here a deck plate is lowered into place bj a derrick. When this has been done it will be 
bolted to the other plates prior to riveting. The transverse beams which support the plating can be 
clearly seen in the photograph reproduced above. 

When the fonn has been decided and gukr wooden board about |-in. or i-in. 
the arrangement of the design settled, it is thick, and a little larger than the largest 
then passed out into the drawing office cross section of the ship. The surface of 

and particulars of the form are sent to the this board is blackened ; on it lines are 

laying-ofF loft, where the first job is to drawn in white chalk and afterwards 

"feir up” the lines full-size. This is done scrived in with a knife. A transverse 

by drawing the waterlines on the loft section through the ship is drawn full- 
floor. The breadths of the Waterlines are size at every frame and the positions of ah 
drawn full-size, but to save space the decks and the beam lines for these decks 

lengths are contracted. This job of fairing are indicated. The double bottom is 

can be done much more accurately on the shown and the overlaps or seams of the 

full scale than on the small scale. shell plating are painted on. It is from 

this board that the correct shape of the 
Treliminaiy planning frames is obtained. The board is made in 

The loftsmen have to adjust the *three several pieces so that it is portable and 

sets of sections (waterlines, buttocks and can be carried about. When completed it 

body sections) imtil all correspond with is usually taken to the framing turning 

one another and are smooth curves, slab?. 

When these are correct a "scrive board” While this work is proceeding in ffie 
is prepared in the loft. This is a rectan- yard, the working drawings are being 



HrriNG OUT A 

Fig. 6. How complex is the process of fitting out a ship is here indicated: 1, anchors; 2, anchor 
cable; 3, anchor windlass; 4, No. I hatch cover (here shown assembled) ; 5 , No. 2 hatch cover; 
6, foremast and derricks; 7 , passengers* equipment; 8, navigation and wireless instruments; 
9, No. 3 hatch cover; 10, refrigeration; 11, store bins; 12, gall^ and washing equipment; 
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MODERN CARGO UNER 

13, funnel; 14, engine-room ventilators; IS, auxiliary boiler; 16, life-boats; ly, electrical 
equipment; 18, engine and auxihay machiney; 19, ‘engine-room sfylight; 20, No. 4 hatch 
cover; 21, No. S hatch cover and tonnage hatch; 22, main mast and derricks; 23, aew^s equip- 
ment; 24, ctew*s gaily; 2S, mess equipment; 26, steering-gear: 2y, final paint is applied. 
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TYPES OF MODERN MERCHANT SHIPS 

Fig. 7, From ‘"humble” tramp to luxury liner, varied are the types of ships in Britain's glorious 
Merchant Natj. One and all possess their own particular importance; and from this drawing can 
be gathered an idea if bow their respective designs are dictated hj fitness for purpose. 
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made in the drawing office. Drawings are 
prepared for each part of the ship and the 
material for the construction of the ship 
is ordered from them. Much of the 
material is steel in the form of plates and 
bars ; these are brought into the yard and 
require preparation before being built 
into the ship. Wood also has to be 
ordered and brought into the yard before 
being cut to the correct sizes for building 
into the ship. When ready, the working 
drawings are supplied to the various 
departments of the yard. From these and 
the information supplied by the loft the 
men are able to prepare all the material. 

How the keel is laid 

The first job to be done in commencing 
actually to build the ship is the laying of 
the keel — 2l flat plate running the whole 
length of the ship, fastening on to the 
stem-frame at the after end and the stem- 
bar at the fore end. It is essential that the 
keel be straight. To ensure this, blocks 
are first erected on the berth the tops of 
which are in a perfectly straight line, 
the line being at a slope to the horizontal 
known as the declivity. Fig. 4 shows 
these blocks. The keel plates are laid on 
top of them and are temporarily bolted 
together and shored up. When this has 
been done, the centre keelson or centre 
girder is fitted in position. This is a 
vertical line of plates fitting on top of the 
keel and extending from the outer 
bottom to the inner bottom or tank top. 
This is also shored in position. Mean- 
while, the floor plates have been cut to 
the correct sizes having all manholes 
pxmched in them and the various con- 
necting angles riveted to them. When 
ready, the floors are lifted into position 
and bolted to the centre girder. They are 
tfren shored up, fiiired and levelled. To 
the ends of the floors is attached a line of 
plating which is inclined to the horizontal. 
This line of plating is known as the tank 
side plate or the tank margin plate. 


When the tank margin plate is in posi- 
tion, the side fiames can be erected. 
These will have previously been bent to 
the correct shape, had all necessary holes 
punched in them, and brackets fitted at 
their lower ends and at the correct 
heights to take the deck beams. The 
frames are hoisted into position and first 
of all bolted to the tank margin plate. 
It is essential that the frames be square 
to the keel and that their outer surface be 
smooth. At the same time that the frames 
are being erected it. is usual to put the 
transverse watertight bulkh^ds in place. 
These bulkheads run across the ship and 
divide it into watertight compartments 
(Fig. 4). The bulkheads are frequently 
assembled on the ground and lifted into 
place in one piece. After the framing has 
been erected the deck beams are fitted 
and they are faired up in a similar manner 
to the frames themselves. 

Plating the decks 

The shell and deck plating can then be 
proceeded with. These plates may be up 
to 30-ft. long and 6-ft. or more in width. 
They are punched and cut to size before 
being put on board the ship. They are 
first of all bolted in position and after- 
wards riveted. Fig. g shows men working 
on the deck plating. 

When the shell plating has been put 
into position it can be riveted up, and 
afterwards the process of caulking the 
shell is commenced to make it water- 
tight. To prevent corrosion the shell is 
then scraped and painted. This completes 
most of the steelwork of the ship with the 
exception of such parts as deckhouses, 
masts, etc. 

Prefabrication is a system of construc- 
tion which is gaining groxmd. The system 
is to assemble large parts of the ship’s 
structure altogether clear of the building 
berth and then lift them into position on 
the berth. The procedure is more easily 
applied in welded construction than in 




AT WORK ON THE DECKHOUSES 

In a vessel approaching completion, work proceeds on the superstructure or deckhouse. Nerve 
centre oj the ship, this contains the navigating bridge, chart room and wheelhome, where the 
ship*s coarse is plotted, whence she is steered and orders are signalled to the engine room, 

riveted construction. For example, a of lifting the large weights involved and 

section of the bottom of a ship may be transferring them to the building berth, 

constructed in this way. The section is With the ever-increasing application of 
built complete with outer and inner welding the wider use of the method can 

bottom plating, floors and tank margin be foreseen. On the other hand, a 

plates. When completed, it is lifted into certain amount of prefabrication has 

position on the building blocks and faired always been done in shipbuilding. For 

into the rest of the structure. A complete example, it is often the practice to build 

fore or after end of a ship may be con- watertight bulkheads completely on the 

structed in this way and the same method ground before lifting them into position, 

can be applied to panels of shell plating and the special type of construction of the 

and deck plating. To adopt this method, it oil tanker lends itself more easily to this 

is essenti^ that the shipyard be properly method of construction, 

equipped for the purpose. First, there The launch of a vessel is a most im- 
must be plenty of space clear of the actual portant event. The transference of some 
buildingberth, and second, cranes capable 2,^00 tons of steel, in the case of an 
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ordinary cargo vessel, from the land into 
the water in roughly about one minute is 
something to be wondered at and requires 
a great deal of organization. Nowadays, 
the launching of ships is so carefully 
carried out that hardly, if ever, do 
accidents occur and giant vessels can be 
transferred to the water without damage. 

Final stages 

The carpenters are responsible for a 
great deal of the preparatory work for a 
launch. The first thing is to line off the 
launching ways. Usually two sets of ways 
are used, one on each side of the ship. 
These ways consist of lengths of timber 
varying in breadth with the size of the 
ship and about lo-in, or i-ft. thick. Each 
set of ways consists of a standing way 
(built upon blocks on the ground, and 
upon which the ship slides) and a sliding 


way (which lies on top of the standing 
way and is fastened to the ship). The 
standing ways are put in first and given 
the correct declivity. On them are laid 
the sliding ways, tallow, soft soap and oil 
being put in between them. The space 
between the top of the sliding ways and 
the ship is filled in with wood packing and 
the sliding ways are wired to the ship. 
When the ship moves the sliding ways are 
carried along with it, and thanks to the 
lubrication, easily move down the stand- 
ing ways (Fig. 4). 

After the launch, a great deal of work 
remains to be done on a vessel. One of 
the principal necessities is the installation 
of the propelling machinery. Sometimes 
the ship is towed away to the engine works 
where the machinery was made, and the 
engines and boilers hoisted on board and 
fitted in position (see Fig. 6). 



CONDITIONING THE PROPELLER 

Above is shown a ibree^b laded propeller of a multiple-screw ship. The men are engaged 
in conditioning propeller and plating as a protection against corrosion. 



GOING DOWN ! 

At the top of the sh<ft the banksman (left) makes sure the miners are not carding matches or 
tobaccoj checks the working of heir lamps, closes the cage gates and signals the winding engineman. 



COAL MINING 
AND MINERS TO-DAY 

By Graham R. BAMBER, B.Sc.(Hons.), A.M.I.Mech.E. 

Modern mining. Expansion of Britain* s second largest indust^. Welfare pre- 
cautions. Visit down a mine. The miner and his job. How coal is won — hand and 
mechanical methods. The art of shofiring, Bojs in the pits. Coal weighed, screened 
— and cleaned. “Making a wind.^ Vithead baths and canteens for our miners. 


C OAL mining is Britain’s second 
largest industry. Although the in- 
dustry has to yield place to agri- 
culture in gross value, 8o per cent, of the 
country’s wealth depends on coal. Thus 
coal 'mining can be rightly regarded as the 
mainspring of Britain’s industrial supre- 
macy. The Industrial Revolution, which, 
for all its errors, placed Britain far 
ahead of other countries in world com- 
merce, was founded upon the steam 
engine. We remember with pride that the 
pioneers of the steam engine — Savery, 
l^ewcomen. Watt, Trevithick and 
Stephenson — were British, but we should 
also remember that the development and 
adoption of the steam engine were due to 
the country’s abundant reserves of coal. 

The enormous industrial expansion of 
the last century naturally reacted upon 
the coal industry, which steadily in- 
creased in size until in 1913 its annual 
output rose to 287,400,000 tons. The 
1914-18 war robbed the British coal 
industry of much of its prosperity ; further 
blows followed in the disastrous stoppage 
of 1926 and in the world slump of the 
early 1930*8, but there ensued a steady 
rise in output, Britain, indeed, is the 
world’s second largest coal producer, 
yielding place only to that mighty reser- 
voir, the United States of America. 

In addition to its function as the source 
of Britain’s power, the coal industiy has 


always made a notable direct contribution 
to the country’s commercial prosperity 
by means of its export trade. It was the 
industry’s export trade that was the chief 
sufferer in the reverses of 1914 onwards, 
but in spite of this Britain remained the 
world’s largest coal exporter. 

Seen in perspective 

The casualty list from our coal mines is 
inevitably heavy and is in every sense 
regrettable, but we must get it into 
perspective. Roughly speaking, there are 
as many persons killed and seriously, 
injured on our roads in a month as there 
are in our collieries in a year. The latest 
pre-war figures showed that fatalities were 
approximately 8^0 per annum and serious 
injuries about 3,ooo--or, respectively, 
I and 4 persons per 1,000 employed. 
Slight injuries were of the order of 
130,000 per annum, but it should be 
remembered that these include all mis- 
haps causing absence for more than 
three successive days. 

Another aspect of the matter on which 
we need to rid ourselves of some mis- 
conceptions is the relative seriousness of 
different types of accidents. Most of us, 
nowadays, are alive to the inconsistency 
of being appalled at a railway accident 
involving, say, a dozen casualties, and 
remaining unmoved at the weekly carn- 
age on the roads. There is a similar incon- 
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UP FOR OVERHAUL 

Brought to the surjacejor one oj its periodic overhauls, an underground Diesel engine, specially 
designed to eliminate fumes that might cause dangerous explosions, is seen emerging from the air 
lock of the upcast shaft. It is hauled by a surface type of Diesel loco. 


sistency in our attitude to mining 
accidents, and it is traceable to the same 
cause — that a sensational happening is 
“news” whereas an everyday one is not. 
When a colliery explosion occurs every 
household in the country knows about it, 
and the more irate members of the public 
demand that “something should be done 
about these dreadful disasters.” 

Explosions rare! 

Actually, so many “things have been 
done” to reduce the hazard that nowadays 
an explosion is the rare exception, and 
only about 4 per cent, of mining casualties 
are due to this, cause. By fer the most 
serious type of accident is that arising 


from falls of ground, which are respon- 
sible for no less than half the casualty list. 
This is not due to any laxity on the part of 
mining engineers, but results from the 
inherent difficulty of holding up a depth 
of, say, half a mile of rock while removing 
the coal below it. Roof and roadway 
support is the constant preoccupation of 
the colliery manager. Each mine is a 
problem in itself, and any amount of 
thought and experiment have been 
devoted to the question; yet the possi- 
bility of accident cannot be eliminated. 
Next in order of importance are acci- 
dents on haulage toads — accidents due to 
men being caught by the “tubs,” or 
small wagons, in which the coal is brought 
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AT THE PITHEAD 

At the pithead of one of Britain's most modern mines, some epical miners are seen in the shadow 
f the great pit headgear. This massivelj constructed headgear supports the pit cages as thej 
are hauled to the suface and lowered into the depths oj the mine. Above we see the returning 
shift making their wajr towards bath house, locker room — and home. 



above a coal MINE: 

A modern collie^ is planned to ensure the minimum waste of time and labour. The above 
illustration shows the lajout of a grpical modern British coal mine. Pithead baths, locker room 
and lamproom are bandilj situated within ea^ access of the pit entrance, while the won coal is 
brought to the railway wagons, for dispatch in a progressive series of operations. After being 
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GROUND LEVEL SYSTEM 

graded the coal is washed and loaded at the private siding owned hj the collie^ companj. Tower 
and ventilation are two of the most important features (f the mine, and above will be seen bow 
steam-powered turbines provide the immense power needed for haulage and the renewal of air in 
die worbngs by means of fans, which also extract Ae..nse<L air from the interior of the mine. 
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out of the pit. Many of these accidents are 
due to that innate human tendency to take 
risks, which exists in humanity; but 
others are due to less preventable causes. 

The toll of mining casualties does not 
spell any indifference on the part of the 
industry; on the contrary, few industries 
are more safety-minded than coal mining. 
One cannot spend long at a colliery with- 
out becoming conscious of the all-per- 
vading influence of the Coal Mines Act — 
an Act passed in 1 9 1 1 and continuously 
revised and extended by Regulations 
until it is now an elaborate safety code for 
the industry, in which the duties and 
responsibilities of every official and work- 
man are clearly laid down. 

A word must be said about welfare, 
and about the excellent work of the 
Miners’ Welfare Committee. A tremen- 
dous programme of pithead baths, 
canteens, clinics, educational work and 
recreational facilities has been prosecuted 
to the miner’s benefit. Many colliery 
companies have supplemented these pro- 
visions by welfare measures of their own. 

Trip to a collkiy 

Now let us take a trip round a modem 
colliery and meet the mining community 
at close quarters. On presenting ourselves 
at the colliery office we somewhat 
naturally enquire for the manager, but we 
soon discover that the dignitary with 
whom we have to make our peace is not 
the manager but an official known as the 
agent. Next to the directors, the agent is 
the ultimate executive authority in the 
colliei^ company, and may have control 
of several or all of the collieries in the 
group. .Indeed, in many cases he is a 
director himself. Originally the agent was 
primarily a business official, but the 
practice is becoming general of appoint- 
ing as agent a fully qualified mining 
engineer. Sometimes the agent is also the 
manager, but more usually there is a 
separate manager, to whom the agent is 


superior. The manager is in charge of the 
running of the entire colliery, both above 
and below ground, and in him is vested 
the ultimate statutory responsibility for 
safety matters under the Coal Mines Act. 
He must possess a colliery manager’s cer- 
tificate, and is a fully qualified mining 
engineer — in many cases he has been 
university- trained . 

Meet the manager I 

Our interview with the agent has been 
cordial, and we have been handed over 
to the manager who will superintend our 
tour round the colliery. As we cross over 
to the manager’s office he outlines the 
organization of the underground staflf. 
His immediate junior is the under- 
manager, who supervises all work under- 
ground and is also required to have 
statutpry qualifications. The workings are 
divided into a number of districts, each of 
which is in charge of an overman, who 
must hold an appropriate certificate, and 
is roughly equivalent to the foreman in a 
factory department. Beneath the overmen 
are deputy-overmen, commonly known 
as deputies, corresponding to factory 
chJarge hands. The deputy, however, has 
a number of specific responsibilities for 
ensuring the safety of his district, particu- 
larly with regard to gas and support of the 
roof, and has special powers to act in the 
event of any occurrence likely to cause 
danger. 

While explaining these matters, the 
manager is fitting us out with an old 
mackintosh and a miner’s safety helmet; 
fortunately we have had the good sense 
to wear our oldest clothes and our 
heaviest boots. Our helmet is made ol 
some moulded composition, and is so 
light that we venture doubts about its 
strength. For answer, the manager fishes 
out a helmet, the crown of which has 
been cracked. We view it apprehen- 
sively. *The man who was wearing this 
helmet,” he says, “had a hundredweight 
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of rock fell on his head. He was knocked 
silly and had his head cut, but he is back 
in die pit now, absolutely none the worse.” 

The manager takes us across to the 
baths to see die first stage of the proceed- 
ings. The afternoon shift is preparing to 
go down. We peep into a cheerful looldng 
canteen where some of the men are 
indulging in a snack, and pass into the 
baths, at the door of which we are met 
by a glorious warmth. We enter a 
locker room where each man strips and 
hangs up his clean clothes in his own 
private locker, where they will be dried 
by a current of warm air. He then takes 
his towel and passes forward to a second 
locker room where his pit clothes are 
kept and which are now beautifully warm 
and dry. On coming out of the pit at the 
end of his shift he will leave his pit 


clothes in this second locker room and 
walk across to the bath-house, which is 
through an archway alongside, where he 
can indulge in a hot shower; thence he 
will pass to the clean-clothes locker roon> 
and, after a visit to the canteen if he so 
wishes, will depart home clean, warm, 
dry and fed. Fig, 6 gives an idea of the 
facilities afforded. 

Safetjr lamps are lit 

The manager takes us inside the lamp- 
room, where the floor is occupied by 
racks upon racks of lamp accumulators 
being chaiged. The lampman provides 
lamps for the manager and ourselves. 
Our lamp looks rather like a metal light- 
house about a foot high, with a loose 
carrying hook at the top, and weighs 
about 7 lb. A twist of the lantern section 



HAULAGE ROAD IN A MODERN MINE 

Nearij a mle vnderground, a checker is busilj dealing with coal-loaded trucks as thej pass on 
their way to the surface. Here is seen how mines are improved hj modern tumdling methods. 




31 


COAL MINING AND MINFRS TO-DAY 



MINERS AT WORK 


/to, in the dep^ oj a cod mine, hrawnj miners are shlfuUj, Urelessfy pljing their crdu 
What sort of pick U used, whether pneumatic or the old hand-widded kind, isdiOated by lid 
wnAtioffi. (fop) winning coal with a pneumatic pick, in some seams the most suitable war. 
( o m) in a thin seam, a helmeted miner is seen “hand getting the coal from die coal faa. 
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switches on the light. It is impossible for 
us to open the lamp, but the lampman 
has a magnetic unlocking device by which 
the upper lantern section can be r^oved 
and the accumulator taken out for 
recharging. A major portion of his time is 
occupied by inspecting and repairing 


which is carried on the belt. This type 
leaves both hands free, and the light is 
directed wherever the miner turns his 
head. We are also shown some oil lamps, 
which are required in a certain propor- 
tion for gas testing. The flame is turned 
very low, and if firedamp be present it 



IN A MODERN MINE 

This mine worker is seen straightening a steel rooj strap in a hydraulic press. This process enables 
roof straps, that have bent under the enormous pressure liiej have sometimes to withstand, to be 
renewed for further use. Steel thus represents a considerable economy over timber. 


accumulators, replenishing electrolyte, 
recharging and suchlike duties. 

Remembering our past troubles with 
flashlamps we ask what happens to the 
miner if his lamp becomes deranged. For 
answer, the manager lights a lamp and 
throws it on to the cement floor, from 
which he picks it up still alight and 
absolutely undamaged. ^ have even 
known of a lamp felling dovm a shaft and 
remaining alight,” he says. We see, too, 
anothier type of lamp — ^the cap lamp. 
This is fiixed to the helmet, and a flexible 
cable leads down to the battery case, 

S.O.P.J. — 


bums above the tiny speck of flame in a 
feint blue cone — signalling danger. 

We now leave our matches and smoking 
materials and go out into the yard and up a 
flight of steps to the heapstead. “Rather 
carious,” we remark, “to be going up- 
stairs for a trip underground.” The 
manager smiles and explains that this is to 
allow the tubs of coal to run by gravity to 
the screening plant. He tugs at a- door 
leading to a small passage. As the door 
closes behind us, a curious plucking in our 
eardrums annoimces a change in air pres- 
sure, which is repeated when the manager 
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pulls open a second door in front of us. 
“We are passing through the air lock,” 
says the manager. “There are two shafts, 
and the pit is ventilated by sucking the 
foul air out through this shaft, called the 
upcast, by means of a powerful fan, and 
letting fresh air make its way down the 
other shaft, which is open and is called 
the downcast. The whole of the workings 
are planned so that a proper ventilating 
circuit is maintained throughout.” 

At the pit mouth 

We are now standing at the pit mouth, 
protected on each side by two sets of 
gates, one for each of the two cages ; with 
2ft. gauge rails leading to and from each 
set of gates provide for empty tubs to be 
wheeled into the cage and full tubs 
wheeled out. The cages counterbalance 


each other, one ascending while the other 
descends (Fig. 4). In due course the 
banksman signals three rings to the 
engineman to notify that he will be 
winding men, feels us over to make sure 
that we have no matches, examines our 
lamps, and ushers us into the cage. Built 
of perforated steel plate on a steel frame- 
work, it is wet and slimy with coal dust; 
and we pick our way over a tub catch and 
between tub rails. The banksman fixes 
gates on to the cage and rings us away. 
Nothing happens until the onsetter at the 
pit bottom confirms the signal ; then the 
cage sways slightly, hovers uncertainly for 
a moment, and dives giddily into the 
blackness. The sensation is curious; our 
eardrums are plucking; we find ourselves 
swallowing and clutching the gritty hand- 
rail. We can see absolutely nothing but 





DEEP IN A COAL MINE 

Beneath the ponderous roof of the mine filers are at work. Armed with pointed shovels, they load 
the loose coal from sections of the face on to the conv^or. As the face is cleared the filers set a 
new line of props to support the freshlj-exposed section of the face. 




AT THE PIT BOTTOM 



ADVANCING A ROADWAY 

Fig. I* Drilling a shot hole for ^^rooj ripping ” The hole will be charged with explosive cart- 
ridges hj the shotfirer and the rooj cleared to open out the roadwaj to its full height. The 
explosives used in such operations are all of special types to avoid the danger of igniting gas. 


the glow of our safety lamps in the cage. 

After what seems an age the motion 
becomes easier, and we are able to listen 
more contentedly to the swish of the cage 
as it races downwards. “We are doing 
about 40 m.p.h. now,” says the manager 
casually. “When we are coal drawing, the 
cages do over ^o.” Then ^e cage seems 
to rise, and we could swear that we were 
flying up, up, up again to the surface. 
Actually we are slowing down, and in the 
darkness the effect is similar to that 
experienced when a railway train slows 
in a tunnel giving us the impression 
that it is running backwards. The motion 
slackens ; reduces to a crawl ; lights spring 
up below our feet and rise up to meet us ; 
the cage drops gently on to a solid 
support, and the onsetter opens the gate. 


The pit bottom is a spacious, vaulted, 
brick-built chamber, scrupulously white- 
washed and liberally lit by electric light. 
On the rails in front of us as we leave the 
cage are lines of tubs, full of coal, 
waiting to be sent to the surface. 

Journey by paddy mail 

Behind the cages the rails continue, 
to receive empty tubs brought down by 
the cages and run them to the workings. 
We make our way past the lines of tubs, 
take a turning at a road junction, and 
arrive at another road where a paddy mail 
awaits us. It is a train composed of trucks 
fitted with seats, and is pulled along by a 
haulage rope running between the rails 
and driven by an electric haulage engine 
in a chamber at our rear. We take our 
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seats, the train attendant climbs up in it halfway. Some paddy mails are run by 

front, and signals to the engineman by electric battery locomotives, and there 

pressing a metal rake on to a pair of signal are one or two in the country run by 

wires running along the side of this under- Diesel locomotives which are specially 

ground roadway. built to eliminate fumes and to avoid risk 

The train moves away. Quickly we of firedamp explosion.’^ 
leave the electric lights behind, but the 

road in front of us is brilliantly lit by a mined 

headlamp on the train. We are running at While travelling we take the oppor- 
about 8 m.p.h., but the confinement of tunity to ask the manager how coal is 

the roadway gives us an impression of mined? “It is mined in all sorts of ways,” 

greater speed. The road is good, and is he replies. “No two collieries are ever 

built of steel arches backed by wooden exactly alike; each presents its own 

shuttering and stone packing. The manager problems according to the thickness 
tells us that the run is just over a mile, inclination, and nature of tlie seam, depth 

“Most man-haulages,” he says, “are on from the surface, amount the rocks are 

the endless-rope system like this one. disturbed, type of roof and floor, proxi- 

There is another, train coming outbye as mity of other workings, and so on. But 

this one goes inbye — ^something like the broadly speaking there are two methods, 

two cages in a shaft — and we shall pass The most general, and the one you will 



COALCUTTER IN ACTION 

Fig. 2. At the co^ls of a cutter driven bj compressed air. the worker has the coal face on bis 
right. The powerful machine is steadilf cutting a slot under the coal so that it can more ea^lj 
be broken dawn. A strong wire rope extends from a drum in the machine to an anchoring prop 
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FACE CONVEYOR 

Filling a tub from the deliver end oj a face conv^or, which brings the coal to the main gate 
direct from the coalface. After being filed the tub will be taken to die pit bottom by haulage, 
thence to the surface, where its weight will be recorded and checked. 


see here, is called longwall working (Fig. 
3), .We keep a coal face, perhaps 200 
yards long, which advances a fixed dis- 
tance each day — ^it might be anything up 
to 6ft. — ^and a collier is stationed at 
intervals to win and fill out the coal. 

Main gate road 

*The coal is brought away down a 
main gate road, leading from t^ie middle 
of the face, and at each end of the face 
another road called a tail gate affords an 
alternative means of exit, allows for 
materials to be taken to the face, and 
provides for a ventilating circuit up 
through the gate road, along the face, and 
back through the tail gates and return 
roads. The other method is called bord- 
and-pillar working, and iS used in broken. 


difficult ground and when mining under 
built-up areas. The seam ,is cut up by a 
series of longitudinal and transverse roads 
into squares, something like a gigantic 
chessboard, and these squares, or pillars, 
are then stripped as far as possible, but 
leaving enough coal to support the roof. 
This coal, of course, is lost if the surface 
has to be supported above, but the pillars 
are removed in strips and the surface let 
down if support is not required. 

“Then there is the question of machin- 
ery. About two-thirds of the coimtry ’s coal 
output is machine cut and mechanically 
conveyed; the rest is hand got. In some 
seams, too, the coal is shot down by 
explosives ; in others it is won by hand or 
by pneumatic picks. You will see a coal- 
cutter at work.” 




COAL MINING BY THE 

Fig. 3. “One unit cutting and one filling” is the theorj efi idiis yery practical method of mining. 
After the coalcutter (left) has ripped its way through the coalface, the coal is blasted or hewn down, 
and fillers (top right) shovel the loose coal on to the face convy^or. This automaticaily tranfors it 
to the gate conveyor. On p, 36 is another view of a coalcutter with a worker at the controls. 



LONGWALL AND GATE ROAD 


39 



DOUBLE-UNIT LONGWALL METHOD 


From the conyeyor the waiting tubs are loaded for transmission to the suface. How the gate 
conveyor works is shown in an inset at base ; while in the centre of the picture is a section showing 
how a gate road is constructed with stout steel arches, wooden boards and various packings. 
All of which play important parts in the highfy organized system by means of which coal is won. 
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The paddy mail now draws up at its 
terminus, and we trudge forward along 
the road, in darkness except for the pool 
of light thrown by our^ lamp. We are 
watching the ground carefully to avoid 
stumbles, when a violent bang on our 
helmet brings us up standing. Two or 
three of the roof girders have buckled 
down wickedly under the roof pressure, 
and we realize that we have to watch 
both ends of our anatomy simultaneously 
if we are to avoid mishap. Eventually we 
turn off on a road inclining away to the 
right: a smaller road, so we walk with 
bent backs. There is a noise of machinery^ 
ahead. We reach what appears to be a low 
slot in the ground in front of us ; are down 
on our hands and knees climbing into that 
slot j turn sharply to the left and are in a 
long, low gallery supported by steel props 
and roof straps. To our right is solid 
coal, to our left a belt conveyor, while 
the roof over our head slopes ominously 
downwards to meet the ground in the 
darkness to our left. We crawl forward, 
our helmet bumping against the roof 
straps and the palms of our hands grind- 
ing into the coal dust ; we are at our im- 
mediate journey's end — the coal face. 

Mechanical coalcutter 

Ahead of us is the coalcutter — ^a long, 
low steel box of a thing behind which the 
coalcutter man crouches at his controls 
(Fig. 2). He stops the machine and shows 
us how it works. A jib, round which is a 
moving chain fitted with pick points, 
extends under the coal at floor level, and 
is cutting a slot about 4in. wide and, say, 
4ft. deep. A wire rope extends from a 
drum in the rear portion of the machine to 
a special anchoring prop, and the machine, 
as it cuts, gradually pulls itself along the 
face by hauling in the rope. At the jib end 
of the machine, a second man is clearing 
away cuttings and hammering sprags into 
the slot to keep the coal from dropping. 
A third man is removing props as the 


coalcutter reaches them, and restoring 
them as soon as the machine has passed. 
Farther along the face a man is drilling 
shot-holes. He has a portable electric 
drill mounted on an adjustable post fixed 
between roof and^ floor and carrying an 
augur which bores holes in the coal 
about I fin. diameter and nearly as deep 
as the slot cut by the coalcutter. “You 
should come again in the morning if you 
wish to see the rest of the operation,” 
says the manager. “The night shift will 
come on later and advance the main and 
tail roads, build roadside packs, remove 
the back line of props, move the face 
conveyors close up to the face, extend the 
gate* conveyor and do general roadway 
repairs.” We decide to return. 

The art of shofring 

Accordingly, the following morning 
sees the manager and ourselves once more 
at the face, watching the activities of the 
shotfirer. He examines the shot-hole with 
a special tool to see that it is free from 
breaks, pushes in explosive cartridges, in 
the outermost one of which he has em- 
bedded an electric detonator, and fills the 
hole by ramming in a mixture of sand and 
clay. The art of shotfiring is to place one’s 
shots and gauge the amount of explosive 
so that the coal is split without being 
smashed. Coal mining explosives are of 
special safety types in view of the 
danger of igniting gas. The shotfirer now 
tests the face for gas with his oil lamp, 
runs the detonator-leads to a refuge 
hole, and after making sure that everyone 
is in safety, attaches an exploder to the 
leads and operates it. There is a sharp 
thud followed by a rumble, and fumes are 
everywhere. These soon disperse under 
the influence of the ventilating current, 
and we find that the coal in the region of 
the shot is lying in a heap. The shotfirer 
tests again for gas, and if all is well 
proceeds to the next shot-hole. 

The fillers now come on shift, and take 
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HOW COAL IS BROUGHT TO THE SURFACE 

Fig. 4. How full tubs brought to the suface and mp^ tubs returned to the gau road fat 
below bjmetw of a double-deck cage is clearlj shown in this illustration. Two-tiered, the atae 
enables simultaneous handling of thefull and emp^ tubs, ensuring a continuous supply both ways. 

S.O.PJ , — ^ 
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Up Station at intervals along the face, 
armed with pointed shovels. The con- 
veyors are started, and each filler loads 
the loose coal from his section of face on 
to the conveyor. As he clears the face he 
sets a new line of props to support the 
newly exposed portion of the roof. The 
face conveyor carries the coal along the 
face to the main gate, where it discharges 
it on to the gate conveyor. We follow the 
^te conveyor down the gate road, and 
eventually reach the loading point where 
the coal is transferred to tubs (Fig. s). 
We see in front of us two sets of rails, 
one for outgoing full tubs and one for 
incoming empties, and between each pair 
of rails is a steel haulage rope running on 
rollers. The gate conveyor ends in a jib 
which is centred over the “fulls” road, 
and is raised sufficiently to allow tubs to 
run underneath it. A boy is unclipping 
empty tubs as they arrive and pushing 
them over cross-over points so that they 
arrive under the jib. The coal falls from 
the end of the jib into the tub below it, 
and two youths control the filling 
operation (see Fig. 3 right). 

Boj^s at work 

As the tubs are filled, another boy 
couples them up into “journeys” of about 
half a dozen tubs and clips them on to 
the outgoing haulage rope. We trudge 
down the haulage road following the full 
tubs to the pit bottom. The' tubs are 
travelling at only about 3 m.p.h., but 
there are refuge holes at short intervals 
on each side of the road. Our friend the 
manager points out the signal wares along 
the roadsidfe by which signals for stopping 
and starting are transmitted immediately 
to the haulage engineman. 

We reach a road junction, where the 
tubs are marshalled round points and sent 
forward on the main road to the pit 
bottom. Here the onsetter and his mates 
are marshalling the tubs in front of the 
shaft gates; and when a cage comes down 


they push the appropriate number of tubs 
into the cage, driving the empty tubs 
out of the cage on to the rails on the fair 
side of the shaft — then a rap on the bell 
knob and the cage is away (Fig. 4). 

In due course a pause is made in coal 
drawing to allow us to travel to the 
surface, where we see the reverse pro- 
cedure in operation. A cage comes up 
with a crash, the banksman pulls a lever, 
and, with a terrific clatter, powerful 
rams push the empty tubs into the cage 
and drive out the full tubs before them. 
The banksman rings to the engineman, 
the onsetter rings from the shaft bottom, 
and the cage drops like a stone to an 
accompaniment of slamming gates. It is 
all over in a few seconds. 

Weighing and screening 

We follow the full tubs along a gantiy, 
where boys are marshalling them round 
curves, over points, and along to the 
weigh cabin. Here the weight of each 
tub is recorded by two men, one being 
the checkweigher — ^a man employed by 
the workers to check that all weights are 
taken and recorded correctly. Weighed, 
the tubs pass forward to the screening 
plant where they are discharged by 
tipplers — rotary cages which turn each 
tub completely over and empty its con- 
tents into a hopper feeding the screens 
immediately below. Further boys mar- 
shall the empty tubs round a loop back to 
the cage gates. We clamber downstairs to 
examine the screens — giant mechanical 
sieves which sort the coal into “large,” 
“cobbles,” “nuts” and so forth. 

Each size of coal is discharged to a long 
slow-moving belt — usually made of sted 
plates — on either side of which men and 
boys are standing, examining the coal as it 
passes them, and removing any stones or 
inferior coal that they may find. These 
are the picking belts. Each picking belt 
terminates in a movable jib which dis- 
charges the coal into a railway wagon 
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which stands immediately below. A boy 
watches the loading of these wagons, 
raising and lowerin| the jibs as required, 
and when a wagon is full he performs a 
cadenza with an iron bar on a piece of 
steel plate hanging from a convenient 
joist. The wagon man can hear this devil’s 
tattoo even above the noise of the screens, 
and changes wagons accordingly. 

How coal is washed 

The manager now takes us across a 
gantry to the washery, where, he tells us, 
coal below about 4-in. is cleaned. 
This, to us, astonishing statement comes 
as something of a shock. 

Cleaned?” we exclaim incredulously, 
"But we always thought coal was the 


essence of filthiness!” The manager 
smiles, and explains that coal as mined is 
inevitably mixed with a proportion of 
stone, shale and dirt, either picked up 
from the floor or embedded in the coal 
seam itself. This will not bum and must 
be removed. In the larger sizes it can be 
removed by hand picking, but the smaller 
sizes have to be cleaned, “There are 
many methods of cleaning coal,” he tells 
us, “but they divide into washing pro- 
cesses and dry-cleaning processes, and 
most of them depend on the fact that 
stone is much heavier — or, strictly 
speaking, denser — than coal. In coal 
washing, conditions are arranged :so that 
the coal is actually floated on the water 
while the dirt sinks to the bottom. In dry 



FROM GATE CONVEYOR TO TUB 

Fig. S' being filed into tabs after haring been brought from the workings hj the gate 

conveyor. This loading station has a shaldng deliver chute which enables the attendant to control 
the filing operation to a nice^. The full tubs will be hauled to the shift bottom. 
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cleaning, the coal is passed over a vibrat- 
ing table and a strong current of air 
blown up through it from holes in the 
table. This has the effect of making the 
coal bed ‘fluid’ and allows the stones to 
sink to the bottom of the bed.” 

In the washery, the washeiy foreman is 
watching the behaviour of a large tank 
through which coal is being passed, the 
water being kept in motion by a pulsating 
action which floats the clean coal to the 
top and over a weir to dewatering grids. 
The coal is then screened into the various 
sizes of “washed smalls” generally required 
by industrial consumers. 

Making a wind 

At this point a messenger tells the 
manager that H.M. Inspector of Mines 
has arrived, so the manager begs to be 
excused, and we are piloted ofiF to make 
the acquaintance of the chief engineer. 
He shows us roimd his boiler plant, 
power plant, ventilating fan, and repair 
shop, and finally takes us into one of the 
winder houses. Here a giant of a steam 
engine is driving a rope drum about 
2 oft. in diameter, and an* imperturbable 
individual, in shirt sleeves and seated in a 
wooden chair of state, is presiding over 
a number of large levers, watching 
various indicating dials. 

We watch him “make a wind.” A bell 
makes two strokes, and a pointer on a 
dial marked “Banksman” jumps to 
“Lx)wer.” Another bell rings one stroke, 
and the pointer of a second dial marked 
“Onsetter” moves to “Raise.” The 
engineman takes off the brake, throws 
over the reversing lever and applies 
steam; the engine springs into life. A 
large pointer creeps round a dial, showing 
the exact position of the cage in the shaft. 
About a third of the way through the 
wind the engineman shuts off steam, and, 
after about two-thirds of the wind, 
throws over his reversing lever and applies 
steam against the engine to slow it dovm. 


The final turn or two is taken at a crawl, 
and the engine is brought to rest with a 
white mark on the drum exactly in line 
with a pointer on the engine frame. On a 
later occasion three rings are given for 
“men winding,” and the engineman 
throws over a lever which adjusts the 
safety devices more closely and compels 
him to wind at a lower speed. The 
engineer tells us that many winding 
engines are electric, and they can be 
made partially, or even completely, 
automatic. 

We have a few moments to see the 
colliery surveyor, who explains that it is 
an official requirement to keep a plan of 
the underground workings, and it is part 
of his task to ensure that this plan is 
accurate and up-to-date. He has to do the 
necessary surveying for the opening out 
of new workings, and has to correlate the 
underground plan with the surface plan 
and the Ordnance Survey, so that the 
position of all underground workings in 
relation to surface features shall be 
accurately known. 

Mines Inspectorate 

The surveyor explains that all coal 
mines are subject to regular supervision 
by a Mines Inspectorate under the Coal 
Mines Act, just as our factories are super- 
vised by inspectors appointed under the 
Factories Act. 

There is a Chief Inspector of Mines at 
headquarters in London in chaige of eight 
inspection divisions, consisting of a Divi- 
sional Inspector aided by a staff of senior 
and junior inspectors among whom the 
collieries in the area are allocated. 

Visits by inspectors are unannounced 
and may even take place at night. In this 
way a constant chedc is kept upon work- 
ing Conditions and safety precautions. 
Should anything unsatisfactory be found, 
it is brought to the manager’s notice and 
measures suggested which should have 
the effect of putting it right. 
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WHEN THE day’s WORK IS DONE 

Fig, 6. At mai^ pitheads, th^ miner has special facilities for bathing and changing into the 
bome^going clothes which, warmed and dried, await him^ Automatic devices for cleaning boots 
are supplied and, for such as wish it, a canteen provides welcome rfreshment in a modern setting. 



METAL IS BORN 

h this impressive scene, so stribnglj suggestive of the potentialities of a great industn^, white 
hot, molten metal pours out hissing hrto the moulds placed read/to rieive and Lpe it 


IRON AND STEEL 
SINEWS OF INDUSTRY 

By Robert Wilson 

Largest oj the ^^heavj industries'^ Night and day shifts. Blastfurnaces — how iron 
is extracted from ore. How castings are made. Open hearth furnaces, Bessemer 
converters and electric furnaces. Ingot casting and ^stripping the ingot.” Rolling, 
casting and forging. Tensile testing. The wonder of modern steelwork revealed. 


M r. smith, whose name betokens 
some dim ancestral interest in the 
subject, knows well enough that 
Britain’s iron and steel industry has 
behind it an industrial army equal to any 
in the world. But, unless he happens him- 
self to be engaged in the craft, he may not 
know much about it. If he happens to be 
so engaged he will not need telling that 
the personnel of all grades consists of well- 
defined types; whether iron-ore miners, 
smelters, heaters, rollers, forgers or 
casual helpers with generations of ex- 
perience behind them. Mr. and Mrs. 
Smith are, or should be, proud that iron 
and steel production has not only been 
maintained but increased by the valiant 
efforts of women in jobs which, before 
the second world wAr, were regarded as 
totally unsuited to them. The best testi- 
mony to their efficiency and achieve- 
ments has come from men with upwards 
of 40 years’ experience in iron and steel 
production, who, while looking upon the 
advent of women with some degree of 
chagrin, have expressed themselves as 
amazed at what women have been able to 
achieve. True, as we shall see, there are 
some jobs calling for great physical 
strength and ^ endurance, which they 
could not be expected continuously to 
undertake; though these are fewer than 
might have been imagined. The iron and 
steel industry is by far the largest of the 


so-called heavy industries- and official 
figures showed that the pre-war value of 
the annual turnover was just under three 
hundred million pounds sterling. 

Iron and steel production consists of 
appropriately timing a number of pro- 
cesses that are carried on uninter- 
ruptedly night and day. Many blast 
furnaces, in which the iron is extracted 
from the iron ore, have been “blowing,” 
or in continuous operation, for years. In 
fact in normal times of good trade they 
are only “blown out” when repairs are 
needed. So work goes on. 

Night and day ^^hlowing” 

To achieve this continuous operation 
it is customary to work three shifts, 
or turns, per twenty-four hours, usually 
from 6 a.m. to 2 p.m,, 2 p.m. to 10 p.m., 
and from 10 p.m. to 6 a.m. Workers 
engaged on continuous operations nor- 
mally do one week on each of the 
different shifts although, by mutual 
arrangement, some men work perman- 
ently on the same shift. In many jobs, 
steel melting, for example, it is a point of 
honour that a man shall not leave his 
post until relieved by his mate or 
opposite number, thus proving their 
sense of responsibility. 

Iron smelting is mostly restricted to the 
vicinity of the coalfields and is carried on 
in Scotland, north-east and north-west 
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England, the Midlands, Lincolnshire, and 
South Wales. With the advance of 
scientific knowledge, raw coal is no 
longer used as fuel and coke has taken its 
place. This coke is usually manufactured 
at the iron works where finely-sized coal 
is introduced into suitable vertical ovens 
and raised to a high temperature when the 
“volatile matter’’ is driven off. After a 
suitable period the incandescent mass in 
the oven is discharged by a mechanical 
ram into a steel wagon known as a 
quenching car or “larry,” and quenched 
under strong water jets, when huge 
clouds of steam are driven off. The 
resulting coke is then tested for hardness, 
resistance to crushing and other pro- 
perties, and graded according to size and 
quality. Many advantages accrue from the 
use of a uniform quality of ore and coke 
although, at times, it becomes necessary 
to blend good with bad. 

Blastfurnace in action 

The only other important raw material 
required before proceeding to the smelt- 
ing operation is called a “flux,” which is 
usually limestone. This flux is intro- 
duced because of the various impurities 
inherent in the iron ore. What happens is 
that under the influence of heat, the flux 
melts and dissolves out the impurities, 
forming a scum or slag, which, being 
much lighter than iron, floats on top of 
the liquid iron and is easily separated. 
Once the ore, fuel and flux have been 
charged into the blast furnace, in care- 
fully calculated proportions, they become 
knovm as the “burden.” 

One may now look at the blast furnace 
where the iron is extracted from the ore. 
This is generally known as a vertical 
stack, circular in shape, and built of 
brickwork or masonry and braced with 
iron plates (Fig. i). Its height may be 
over 100 ft. The materials which go to 
make up the burden — ^the ore, coke and 
limestone — are introduced at the top of 


the furnace, which means that some form 
of hoist is an essential part of the plant. 
The air necessary for the combustion of 
the coke, and the consequent separation 
of the oxygen from the ore, is introduced 
under pressure near the foot of the stack 
or furnace. It is of interest to note that 
this air, known as the blast, is pre-heated 
to speed up the smelting operation. As the 
burden gradually descends in the stack the 
temperature increases, and the metallic 
iron liberated from the ore falls in large 
droplets into a specially constructed well 
at the bottom of the furnace. 

Ej -products from smelting 

Dui'ing the smelting operation a large 
amount of gas is given off which is 
directed into other departments where it 
is employed to heat boilers and furnaces. 
Other by-products recovered from the 
coke-ovens and blast furnaces include tar, 
benzol, sulphate of ammonia, etc.; while 
a certain proportion of slag is used in 
making roads and cement. There was a 
time when nothing was recovered and 
even the gas was allowed to bum to 
waste at the top of the furnace. That is 
why it used to be said that certain towns 
in England and Scotland were never dark. 

When the molten iron in the well of 
the blast furnace rises to a certain level, 
the furnace is tapped and the iron allowed 
to run off freely into either a steel ladle 
lined with firebrick or direct into sand 
beds adjacent to the furnace. These beds 
are usually made by a template, called a 
“comb” because of its likeness to the 
ordinary hairdressing article, although of 
rather gigantic proportions. As soon as 
all the iron (and the slag) has been tapped 
or run off, the tap-hole through which the 
iron has been allowed to flow is sealed up 
again with a plastic refractory mixture — 
that is, something that will withstand 
heat — ^by means of a “gun,” a mechanical 
contrivance which does the job quickly 
and efficiently thus reducing the amount 
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WHERE ORE YIELDS IRON 

Fig* I * Towering like some fantastic castle, this enormous blastfurnace changes its ''burden’* to 
metah the iron liberatedfrom the ore falling in droplets into a well at the bottom of the furnace. 






IRON FROA 


BLAST FURNACE; 

I f 2, «>A«, /imertone and ore hoppa; 3, skip hoist engiae; 4, 

charging skip to hlastf^acc; 5, hot gases from furnace; 6, hot gases to blast store; 7, hot air 
to blast store ;S, hot blast main ; 9. iron being smeltedfiom ore; 10, ore. coke, and limestone. 





OPEN HEARTH SYSTEM EXPLAINED 



STEEL FROM OPEN HEARTH FURNACE 

1 1, charging cones at worfi; 12, slag outlet; 13, tapping molten iron; 14, molten iron for steel 
making and (IS) poured to mixer; 16, iron for open hearth furnace ; IJ, saap suel, etc., 
charged into furnace ; 1 8, chargingfurnace ; 1 9» tappingfurnace ; 20, molten steel poured to ladle. 
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of manual work performed by the furn- 
ace-man. The iron poured into these sand 
beds is known as “pig-iron” (Fig. 2). 

When the iron is poured direct into a 
ladle it may be cast into “pigs” — con- 
venient uniform sizes to handle — ^in a pig- 
casting machine, consisting of moulds of 


Pig-iron may be described as an inter- 
mediate product, or crude iron from 
which other articles are made, its princi- 
pal uses being (i) for the manufacture of 
iron castings in foundries, (2) the manu- 
facture of wrought iron, and (3) the 
manufacture of steel which is, by far, its 



HOW A CASTING IS MADE 

Fig. 3. Packed vHth sand in which the shape of the desired casting is impressed by a wooden 
model, the box has molten metal poured into its filing aperture. When cool, the casting is removed, 
cleaned and dressed, and the superfluous metal, collected in the filing channel, cut away. 


appropriate size mounted on a long end- 
less chain. This is more modem practice 
than the use of sand beds and has the great 
advantage of saving ground space and 
labour, for the moulds are permanent and 
the pig-beds do not have to be remade 
each time; further, the “pigs” can be 
tipped from the endless chahi direct into 
wagons, thus saving the time and energy 
expended on loading. Sometimes, of 
course, the pig-iron is not allowed to 
solidify but is taken in the ladle direct to 
the open hearth or Bessemer furnaces for 
conversion into steel. 


largest and most general use. 

When pig-iron is used for the manufac- 
ture of iron castings in a foundry, the 
pig-iron is melted in a furnace of the 
cupola type and tapped into a ladle, when 
it is poured into a sand mould of the 
required shape (Fig. 3). To make this 
mould it is necessary, first of all, to 
prepare a pattern, usually in wood al- 
though other materials are employed, of 
the exact shape of the article required. 
To feicilitate moulding, the pattern is 
usually made in halves known as “top” 
and “bottom.” Sand is then firmly 
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rammed, by either machine or hand, 
round the halves of the pattern in some 
sort of fi-amework known as a “box.” 
When the sand has been moulded to the 
exact shape of the pattern the latter is 
removed, the necessary cores inserted 
and the box closed. Closing the box 
means totally enclosing the sand im- 
pression by putting the two halves 
together, so that it will hold the molten 
metal in such a way as to give an exact 
replica of the pattern — due allowance 
being made for the contraction of the 
metal as it solidifies. Cores, it should be 
explained, are made of sand which can 
be removed later, and are used to leave 
any desired hollow or space inside the 
casting for the free passage of gas or 
liquid. After the metal has solidified, the 
sand is broken away and the iron object, 
now known as an iron casting, is removed 
for further treatment. The casting is then 
cleaned or dressed and the heads or risers 
through which the metal wss introduced 
to the mould cut off. These risers have 
other very important objects: (i) to 
allow air and other gases to escape when 
the mould is being filled; and (2) to 
supply a reservoir of metal, for it is 
well-known that when iron or steel cools 
it contracts, and unless a mould can be fed 
from such a reservoir an unsound and tm- 
acceptable casting will result, involving 
avoidable wastage. 

Puddling and shingling 

For conversion into wrought iron or 
merchant bar, pig-iron is introduced into 
a puddling furnace and worked into a 
pastry ball during which impurities are 
removed. It is never actually melted. At 
the end of the process, which the skilled 
eye of the puddler can determine, the 
mass is removed from the furnace when it 
is “shingled,” that is, hammered into a 
bloom or billet under a steam hammer. 
The resulting billet is then rolled into bars 
in a mill when the product is named 



ARMOURED SHINGLER 
Ticturesquelj armoured against intense heat^ 
a shingler goes to his job of steam-hammering 
the puddled metal into %loom^ or ^billets/^ 
These are next rolled into "merchant bar,” a 
product better hnown to us as wrought iron. 
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TAPPING AN ELECTRIC FURNACE 

Silhouetted against the vivid glare of molten steel, workers superintend the tapping of an electric 
furnace which, tilted, fields its contents. Heat in electric furnaces — mainly used for special 
steels — is provided by an electric arc or — in the smaller furnaces — fy induction, 

“merchant bar.” This product is relatively The most important use of pig-iron is 
•soft and very tough, enabling it to be undoubtedly for conversion into steel, 

employed for a variety of uses. Although in use for centuries, steel has 

Puddlers and shinglers are not so never been adequately defined, but is 

numerous now as a few decades ago. commonly regarded as an alloy of iron 

Their work is heavy and calls for crafts- and carbon, the latter exerting a veiy 

imanship of the highest order. great influence upon the iron, depending 



STEEL BY MILLIONS OF TONS 


upon the amount of carbon present. In 
fact, the carbon may range from about 
o.io per cent, up to nearly i,8 per cent. 
Most common steels, however, contain 
less than 0,5 per cent. 

Better and stronger steels 

Steel is to be found in machinery of all 
descriptions and there are thousands of 
varieties all with different properties 
depending upon the elements or alloys 
which have been intentionally added to 
achieve desired properties. An idea of the 
size of the industry in Britain may be 
gathered from the fact that the yearly 
output is upwards of twelve million tons. 
Some of the largest consuming industries 
are railways, ship-building and structural 


S£ 

and general engineering. The annihilation 
of distance by faster ships, motor vehicles, 
aeroplanes, and even telephones and radio, 
results from the manufacture of better and 
stronger steels. Britain, even in the face 
of severe competition from foreign 
countries which manufactured steel of a 
low grade, has always paid the utmost 
regard to quality and, at any rate in 
modem times, has always been pre- 
eminent in this respect. 

Principal tjpes of furnace 

The principal furnaces employed in the 
manufacture of steel are the open hearth, 
the Bessemer converter, and various types 
of electric furnaces. The opeh hearth (Fig, 
2) is the process almost universally 
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On diis page we can follow the process (f casting and subsequent treatment, while at top 
{right) is inset a tjpical forging press. In another inset (below) are seen epical products of a 
suelworks, respective!/ rolled, forged and cast and read/ for further machining or assembl/. 
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HOW INGOTS ARE CAST 

Fig. From a huge suspended ladle, metal is ^'teemed” into moulds in a pit below floor level 
^ter the steel has solidified, the moulds are removed from the masses <f metal now known as 
ingots, "^Stripping the ingof is the technical term for this process. Next comes rolling or forging. 
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employed in Great Britain, though there 
are a number of Bessemer plants in 
successful operation. There are also 
numerous electric furnace plants, but 
these are almost exclusively employed on 
the manufacture of special steels — so- 
called because of the alloys they contain 
and the properties they possess. Electric 
steels, as they are termed, have usually to 
withstand rigorous working conditions. 

Open hearth process 

The open hearth is heated with coal gas 
made in the works in retorts known as gas 
producers. In steel works where there are 
no blast furnaces, cold pig-iron and scrap 
steel are charged on to the operating 
hearth, or bath, where the whole charge 
is melted and refined. Refining consists of 
the elimination of excess carbon and 
other elements by a process of oxidation, 
which is really combustion or burning, 
and bringing the metal to the desired 
composition. At this stage the chemist 
and melter work hand in hand. During 
the process samples of the molten metal 
are withdrawn from the furnace by means 
of a long iron “spoon,” and tested in the 
laboratoiy. As a result of very rapid 
methods of chemical analysis carried out 
by expert chemists, the melters know 
exactly how the reactions involved in the 
refining process are proceeding. When 
the end point has been reached, the metal 
is tapped into a brick-lined steel ladle 
similar to that employed at the blast 
furnace, when it is cast into ingot 
moulds. These furnaces are built to a 
definite capacity which may be from 30 
to 100 tons per charge, and the process is 
continuous, being operated on the three- 
shift system. One point of difference 
between the continuous operation of the 
blast furnace and the open hearth is that 
the latter, being more amenable to 
control, can be damped down at the 
week-ends, die men usually stopping on a 
Saturday morning and resuming again on 


Sunday night. During the week-end, 
“watchers” or skeleton crews remain on 
duty. The procedure just outlined is known 
as the cold pig-and-scrap process. In an 
integrated works however — these are 
works where both pig-iron and steel are 
produced — the pig-iron from the blast 
furnace, as previously mentioned, is never 
allowed to cool and is taken direct from 
the blast furnace to the open hearth. This 
practice eliminates much manual work 
and saves a great deal of time. These 
operations have to be very carefully 
synchronized to guard against congestion 
or idle time in the plant. It frequently 
happens that the open hearth is not ready 
to receive the pig-iron when the blast 
furnace is tapped and, in that event, the 
liquid is poured into a “metal mixer.” This 
is a large non-active fiimace (incapable of 
refining) holding several hundred tons of 
molten pig-iron. Such a reservoir of 
molten metal ensures that the open hearth 
furnaces are never held up for want of 
the necessary pig-iron. 

During the “blow^ 

In Bessemer practice, liquid pig-iron 
from the blast furnaces is transferred in a 
ladle to a converter (a large brick-lined 
steel vessel) which, to receive the charge, 
is tilted to the horizontal position by 
means of a rack and pinion. After the 
charge has been poured from the ladle 
into the converter, powerful air-jets in 
the bottom of the converter are turned on 
when the vessel is moved to the vertical 
position and the air allowed to pass 
through the molten metal. The oxygen 
thus supplied bums out, or oxidizes, the 
excess carbon and other impurities. 
During the “blow,” flames and sparks 
are ejected in large volume ‘from the 
mouth of the converter and, seen for the 
first time, are a fascinating spectacle. As 
the carbon is eliminated, the flame drops 
(there being little more carbon to bum) 
when the converter is returned to the 
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PIGIROK 


FROM MINE TO FACTORY; 

How a modem steel works maj be planned to ensure maximum ^cien(^ and sati^actorj working 
conditions is here demonstrated in a drawing of an imaginaij factory, various of the buildings 
being diagrammatically cut away to expose the processes carried on within them. Many of these 
processes are illustrated on a larger scale on other pages, where their details can be studied. 



STEEL IN RELATION TO INDUSTRY 
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DISPATCH SHED 


ROLLING mills . 


RF41[ATliMG FURNACE 


FOR SECTIONS 




PLATE ROLLING MILLS 


INGOT CASTING BAY 




STEEL AS A YTTAl LINK 

Some idea of the complex relationship existing between such a suel works as this and sundry other great 
industries is given hj the numbered items in the background of the drawing. Nos. 1 and 2 and their 
subsidiaries ^bolize the sources bj which the factoiy is fed with materials ; Nos. 3~6 ^ij/ in- 
dustries which are themselves supplied hj steel works^--a vital link in the chain of Britain s enterprise. 
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HIGH SPEED FORGING PRESS 

A 6,000-ton J^draulic forging press is seen in action. The ram descends from above while the 
work is supported on a fixed anvil, the control gear being so designed that the movements of the 
.press head imitate exaaly those of the lever whi^ is worked bj the attendant and can he instantlj 
arrested. Outljing edges of massive forgings are supported bf an overhead crane. 


FROM INGOT TO ‘^BLOOM*’ 
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RED HOT SLABS 

After being rolled, red hot slabs are removed for further 
processing bj means of electncallj operated rollers (“live^ 
rolls) located in the floor of the milL 


horizontal position and the 
steel poured into a ladle. From 
this point onwards, practice 
in the open hearth plant and 
the Bessemer plant is similar. 

From the ladle the metal is 
poured or “teemed” through 
an aperture or “stopper” in the 
bottom of the ladle into ingot 
moulds set in a pit below the 
level of the respective fur- 
naces (Fig. £), After the steel 
solidifies the moulds are 
removed leaving a mass of 
steel known as the ingot. This 
operation is appropriately 
called “stripping the ingot.” 

These ingots are destined to 
be rolled into smaller sizes 
called blooms, billets, bars, 
plates or shapes, or forged 
under powerful hammers to 
any required form. These pro- 
cesses require very heavy and 
massive units of plant, but it 
must not be forgotten that the 
steel worker is the mainspring 
behind them all. 

Before the ingot can be 
rolled or forged, it must be 
brought to a uniform high 
temperature. It is, therefore, transported 
by an overhead crane or mechanical 
chariot to the reheating furnaces. The 
process of reheating requires a great deal 
of skill and the men in charge, through 
long years of experience, can always tell 
the heat of an ingot within very narrow 
limits, merely by looking at it. It is an 
interesting fact that steel may be made so 
hot that its crystalline structure is de- 
stroyed. In that condition the steel is 
said to be “burnt”; it becomes brittle 
and unworkable and is often completely 
ruined. After the necessary time in the 
heating furnace it is removed and placed 
on power-driven rolls leading to the 
“cogging” or breaking-down mDl, when 


it is passed forwards and backwards 
betweep huge rolls, usually operated 
electrically. In this mill the ingot is 
reduced in cross-section with a conse- 
quent increase in its length, for the total 
volume remains the same. This operation 
is continued until the required size has 
been obtained. The elongated ingot is 
now known as a “bloom” which, while still 
hot, is sent to shears adjacent to the mill 
and cut into lengths. 

In electric furnaces the heat necessary 
to ftielt the charge is supplied by an 
electric arc, or in smaller furnaces, by 
induction. After the steel is melted and 
refined it is tapped into a ladle, usually by 
tilting the funiace. From this point the 
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RECLAIMING SCRAP METAL 

A steel worker is seen tapping a blast furnace in one of the largest scrap-iron yards in Great 
Britain, There are sixteen different kinds of scrap iron and its methodical collection and melting 
down provide a valuable economy in time of national emergency. 


procedure is the same, as in the case of 
the open hearth and Bessemer steels. 

Liquid steel, of course, may be required 
in a steel foundry for the manufacture of 
steel castings. Here the procedure is roughly 
similar to that previously outlined for the 
iron foundry, requiring the same highly 
skilful operations of pattern-making, 
moulding, dressing, fettling and cleaning. 

The most common variety of steel is 
mild carbon steel, used in ship-building, 
boiler making, for constructional pur- 
poses and many other uses. These steels 
contain about 0.2 per cent, of carbon, 
o,g per cent, manganese, and about 0.2 
per cent, of silicon with some sulphur and 
phosphorous as incidental impurities ; the 
balance is iron. Within limits the hardness 
of a carbon steel depends upon the carbon 
content, and when harder material is 


required it is only necessary to raise the 
percentage of carbon which can be done 
during the refining period in the melting 
furnace. The hardness of carbon steel may 
also be increased by heating to a red heat 
and quenching in water or oil, or other 
medium. This is known as “heat treat- 
ment,** and is required by most alloy steels. 

Alloy steels 

A term in common use in the industry 
is “alloy** or special steels. These are 
carbon steels plus one or more metals 
which have been intentionally added to 
give some additional properties such as 
increased toughness, hardness, resistance 
to heat, shock and wear, ease of machin- 
ing, and resistance to corrosion by 
chemicals, seawater, or polluted atmos- 
pheres. The alloys mostly employed are 


TESTING FOR STRENGTH 


nickel, chromium, vanadium, molyb- find the “tons per square inch” which is 
denum, cobalt, tungsten, aluminium, the figure used by engineers in designing 
copper, manganese, lead aid sulphur. a structure. Bend tests are sometimes 
After It has passed through so many taken on standard bars to find at what 
processes, one has still to ensure that the angle the material will fracture. Chemical 
material is fit for its intended purpose and tests are also made and often, particularly 
at this stage many different kinds of tests with alloy steels, sections of material are 
are made, the nature of which depends prepared for examination under the 
entirely on how the material is to be used, metallurgical microscope'. Important 
The most common is the tensile test material may also be submitted to X-ray 
where a bar of known dimensions — tests. Should all the appropriate tests to 
usually prepared to a standard size — ^is which the material has been submitted 
inserted in a tensile- testing machine and satisfy requirements, inspectors examine 
pulled or elongated until it break's. The the material for size and surface condition 
load at which the bar finally fractures is and if these are satisfactory the finished 
noted, and a simple calculation is made to steel is released for despatch. 



DRAWING A SAMPLE 

During the ‘"teeming” {seen on page 58), a worker withdraws a sample molten metal hj means 
of a long iron spoon. Rapid analfsis of such samples reveals the exact state of the metal, thus 
tending to eliminate any unwanted variations in qualiy’ which might affect the job in hand. 


s.o PJ.- 




1)J . , worker in steel 


WORKERS IN IRON AND 

STEEL 

By H. C. Town 

Men behind the machines. How factories are planned to ensure a level flow of pro- 
duction. Toolmaking, casting and machining. Tj^pes.f machine tools and what 
they do. Guarding the worker against accident. Methods of ensuring absolute 
accuracy. Importance of maintenance and repair work. Inspecting the finished job. 


T hough Mr. Smith has an up-to-date 
mind, he sometimes reverts to old- 
fashioned metaphors. In his more 
rhetorical moments he may even assert 
that the “iron has entered his soul,” or 
that one of his heroes is as “true as 
tempered steel,” without pausing to 
reflect ^ that such time-honoured fancies 
have gained a new lease of life. Wherever 
Mr. With goes- — and Mrs. Smith too — 
are things made of iron and steel. 

Certain districts have tended to mono- 
polize definite branches of the industry, 
thus producing artisans whose skill is 
handed down from father to son. 
Sheffield for steel workers, Yorkshire and 
Lancashire for machine tools, Coventry 
for motor cars and cycles are instances, 
while Birmingham is a big centre for 
general engineering. Shipbuilding centres 
on ,the Clyde, Tyne and Mersey are, of 
course, world-renowned. 

Manufacturing cannot proceed with- 
out basic design, so the staffing of a 
drawing or design office will be con- 
sidered first. The chief draughtsman is 
responsible for all design, upon which the 
success or failure of the firm may depend. 

The members of the drawing office 
staff include the leading designers, or 
section leaders in a large office, who plan 
out the designs and allocate them to the 
junior draughtsman to draw out the 
detail parts. While the designer requires 


creative, inventive, and ^mathematical 
ability, the junior draughtsman requires 
the experience to visualize the parts of a 
machine from a complicated drawing. 

Adjacent to the main office are copying, 
printing or photographic rooms^. Here the 
finished drawings or tracings are copied, 
either on blue-printing machines or by 
other processes which enable a supply of 
prints to be sent to the workshops. 

In order that xinskilled labour may be 
employed in the machine shops, and to 
save valuable manufacturing time, jigs, 
fixtures and gauges are employed to a 
considerable extent. The first two may be 
briefly described as devices for holding 
the work and guiding the tools, so that 
the operator’s work consists largely of 
stopping and starting a machine, and 
replacing a finished part by another 
casting or forging. Gauges are measuring 
instruments which enable the checking of 
finished parts, often by unskilled labour. 
While simplifying the' work, these aids to 
production, many of which will be seen 
later, require the utmost skill in manu- 
facture and a wide workshop experience 
from those designing them. The jig and 
tool drawing office may be attached to the 
main design office, but is often a separate 
department or attached to the tool-room. 

The work of the tool-room staff is to 
produce the cutting tools used on the 
machine tools. These latter are the power 



DESCALING GUN BARRELS 

How men and women — in this case husband and wife — work side by side in a great steel works is 
well exemplified in the above illustration, where the man, a burner, is showing the woman how to 
descale gun barrels by the application of intense heat. Dark goggles protect the workers* eyes. 


driven machines used in all machine 
shops, no matter what the engineering 
product is, and comprise mainly lathes, 
drilling machines, milling machines, 
grinding machines, planing, shaping and 
slotting machines, all with one common 
feature of producing shapes in metal by a 
series of repeated cuts. 

To equip these machines with drills 
and other cutting tools of high-grade 
materials is an expensive item, while the 
manufacture of the tools demands the 
highest skill found in the machine or 
fitting shops. Thus the toolmaker requires 
a wide experience in the operation of 
many types of machine tools, or manual 
dexterity in the use of hand tools, coupled 
with the ability to obtain fine accuracy 
down to one io,oooth of an inch, and 


sometimes still finer limits, with the use of 
precision measuring instruments. 

Planning engineers are usually 
promoted from those workmen or 
draughtsmen showing a knowledge of the 
capabilities of machine tools and what can 
be expected in a given time. 

The planning engineer, then, must 
carefully consider each part of the pro- 
duct, say an engine, comprising cylinder, 
piston, crankshaft, valves, etc., and'draw 
up a list of the operations in the correct 
sequence for each part. 

Alongside the planning engineer is the 
ratefixer, responsible for deciding how 
long the workers ought to take over any 
particular operation and what price 
should be paid for doing it. Experience in 
machine tool operations or of assembly 




FROM LADLE TO MOULD 
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HRE AND STEEL 

Calmljr, shljullj, a worker tends and tests the glowing moulds filed from a migh^ ladle: 
such ladles are actually huge containers which discharge their burden through a base rent. 
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times is a necessary qualification ; or rates 
may be calculated by comparison with 
previous jobs, data of which accumulate ; 
and in some cases, times are obtained by 
performing the operation in several ways. 

If we were to look inside a factory 
making war material, tanks or wagons in 
large quantities, we should find the “line 
system.” Alongside the machines would 
be moving belts or conveyors carrying 
the various parts from machine to 
machine, until each part is completed. 
We should see iron castings and bar steel 
brought to the factory and moving 
through the departments to the delivery 
door as finished machines or parts. This 
method of manufacture finds its main 
application in automobile factories and 
similar mass production shops. In such 
a factory a unit, say a cylinder block, may 
pass successively to a wide assortment of 
machines, such as milling (Figs. 2 and 3), 
drilling, boring and tapping machines, all 
being mounted side by side so that the 
distance the work travels is reduced to a 
minimum. Finally all units converge to a 
common assembly line. 

%roup ystem” 

With heavy engineering products, or 
where a firm makes a wide range of pro- 
ducts, this system is not feasible, so the 
“group system” is employed. The works 
now comprise various departments, turn- 
ing, milling, drilling, planing, shaping, 
grinding, gear-cutting, etc., depending 
upon die work carried out. But the 
principle is the same in all works, in 
that all the lathes, all the drilling 
machines, etc., are grouped together. 

With either system it is necessaiy that 
someone should be responsible for the 
work to move through th^ factory at a 
definite rate. Otherwise much idle time 
will result if work is not available, or 
alternatively congestion around the 
machine will take place if castings or steel 
parts arrive in larger quantities than those 


of the finished product leaving the works. 
This balancing of the work in every 
department is the job of that responsible 
official, the progress engineer. 

Before any part can be made in cast 
iron, a wooden pattern has to be made. 
Many intricate problems arise in pattern- 
making, so that besides having skill in the 
use of woodworking tools, the pattern- 
maker requires a knowledge of compli- 
cated engineering drawings and foundry 
procedure. Otherwise he may find that 
the pattern fails to produce the casting 
required. The foundry personnel will 
include a manager, foreman, moulders 
and core-makers, with some semi-skilled 
labour operating moulding machines. 

How work is divided 

The method of producing simple iron 
castings can be seen on page ^2 ; but some 
castings require many tons of metal so 
that the molten iron is run off into large 
ladles, and crane-conveyed for pouring. 

The flow of castings from the foundry 
and the arrival of bar steel enable the 
machine shops to commence production. 
Distribution of material is generally left 
to the foreman who arranges it so that 
each machine has sufficient work in front 
of it for a given period of time. 

The general usage of machine tools is 
to produce cylindrical surfaces on lathes 
of several types, and on grinding machines. 
Holes are drilled and bored on many types 
of drilling and boring machines, while 
planing, shaping and milling machines are 
used to obtain flat surfaces. Various 
degrees of skill are required for working 
these machines, so that machine shops 
comprise apprentices and skilled men, 
semi-skilled and unskilled labour. 

A turner’s work is that of a tradesman 
who has served a period of apprentice- 
ship. He is expected to operate many 
kinds of lathes, to produce a wide variety 
of cylindrical parts and to cut screws of 
all types. His chief machine is the centre 




CENTRE LATIJE AND TURRET LATHE 

Fig. I . Above is shown a centre Icthe, which is* the most wideljr used of all ^pes of machine 
tools. Its operation calls for a high degree of shill and the ahili^ to measure wiih precision tools. 
Below : a turret lathe. Here the multiple tooling enables several operations to be performed in 
succession from one setting of the work, and ensures high production on repetition-work pieces. 
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UNIVERSAL MILLING MACHINE 

Fig. 2. The principal features of this wideljr-used machine are illustrated in the above drawing. 
Here ihe machine is depicted cutting spiral grooves in the job. This is divided for each groove and 
the milling cutter then travels along as the job being machined is slowly revolved, Bj such 
means, not only is a high degree of accuracy attained, but actual production is speeded-up. 




“ALMOST HUMAN** MACHINES 
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Fig. 3. Another of the manj wonderful mechanisms used hj our workers^ a vertical milling 
machine is shown above, engaged in producing an intricate shape. The operator keeps a pointer 
or contour follower in constant contact with an approved copj of the finished article, its move- 
ment being accuratelj reproduced bj the milling cutter on the job that is shown being machined. 


S.O.P.T. — c’ 
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BIRTH OF A GUN BARREL 

Manj and varied are the processes involved m producing a gun at an ordnance factorjr. In an 
earlier illustration, gun barrels were being descaled bj the application of heat. Here Jitters are 
seen plying their skill on gun barrels that have alreadj been turned and bored. 


lathe which is the most universal machine 
tool and is to be found in all engineering 
workshops and tool-rooms. Spindles and 
shafts made on “centre lathes are left 
larger than the finished size to allow for 
grinding, but much turning and lathe 
boring requires great accuracy (Fig. i). 

Task of the tool-setter 

Capstan and turret-lathes are similar in 
type, but diflPer from the general turner’s 
lathe in that they are used for mass pro- 
duction purposes. Many cutting tools are 
mounted in turrets, ready for swivelling 
round to take a cut in turn (Fig. i). 

The fact that cutting tools and drills are 
always in the correct position, without 
changing for each operation as with a 
centre lathe, results in a considerable 


reduction of the skill required to produce 
the finished work, so that women and 
semi-skilled workers can be employed. 
The main skill consists in setting up the 
tools to give the correct size, and this is 
the duty of the tool-setter, who may be 
responsible for maintaining a group, of 
machines in working order. An alterna- 
tive to the turret-lathe is the automatic 
lathe, which, once correctly fitted with 
tools, requires only that the work shall 
be placed in position and taken out when 
the machine stops. In the factory these 
machines are arranged in lines, say for 
small shell making. One worker in this 
^e wil^ attend to several machines. 
A tool-setter or inspector checks the 
work at intervals. 

In view of the great influx of workers 




SAFETY PRECAUTIONS 


IS 


new to factory life, the safety factor machines in motion may also result in 
assumes a new importance. Workers are accidents. Damage to the hands is the 
protected by factory acts which compel most prevalent. When all precautions are 
the guarding of all dangerous parts of taken, it is rarely feasible to protect a tool 
machines, but the human element is often at the actual cutting point, 
at fault, so that safety guards are foimd A good operator's pride is the care of 
discarded, while dangerous clothing is machine and equipment. A modem 
worn against all instructions. Lack of machine tool and its equipment may 
attention, carelessness in leaving things represent an investment of approximately 
on the floor, and cleaning or oiling £i,ooo, and if idle is a direct loss to pro- 



MAJESTY OF THE MACHINE 

Some idea of the enormous size and power of this !£, 000-ton armour plate bending press is 
obtained when one contrasts it with the figures of workers standing beside and behind it. 
In the grip of the press can he seen a great piece of plating which is in process of being shaped. 
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duction. Upon the accuracy of the enlarging of holes already left in the rough 
machine depends the quality of work casting. If jigs are available, then drilling 
produced. It is maintained by keeping becomes a very simple repetitive opera- 
the machine clean, oiling it regularly and tion, suitable for unskilled or semi- 
protecting the sliding ' parts from being skilled workers. Their only duty is to 
damaged by the dropping of hammers, place the work in the jig, which ensures 
spanners or heavy work. Particularly im- that the holes are drilled in the right 
portant is the matter of oiling and a good position and are of the correct size, and 
operator will see that all oil holes are kept then to remove the work. Boring entails 
free from being closed with dirt. more responsibility, for the work may be 

Production of accurate holes forms a large so that inaccuracy would result in 
large part of machine minding, the main the scrapping of an expensive casting; and 
operations being drilling and boring. The older or more experienced men are 
first-named is the process of cutting holes usually promoted from drillers to the 
in solid metal, whereas boring is the rank of horizontal borers. 



TESTING A CRANKSHAFT 

Perfect balance ofrerolving pans is necessitaud bj the enormous speeds at which modern engines 
run. Here a tester is running an engine crankshaft and checking any “out of balance.” To 
conect this, it m<^ be necessary to drill holes to lighten a pan, or add weights elsewhere. 


FACTORY PERSONNEL 
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The production of flat surfaces may be 
by milling, planing or shaping. Many 
milling operations require considerable 
skill and experience, and these are 
generally carried out by tradesmen in the 
tool-room, using universal machines. 

When the machines are equipped with 
fixtsures for work-holding, and repetition 
work is available, unskilled labour, men 
or women, can produce milling work 
to satisfaction. By this process rotating 
cutters machine the work as it travels 
along, whereas planing and shaping 
machines use single point tools. For the 
first mentioned, the work travels against 
the tool, while for shaping, the tool 
moves over the stationary work. In 
general, owing to the size and importance 
of the work, planing machines require 
skilled operatives, whereas much shaping 
can be done by trainee labour under 
supervision — which brings us to the use 
of semi-skilled workers. 

Use oj semi-skilled labour 

Where great accuracy is required, both 
flat and cylindrical surfaces of engineering 
products are finished by grinding, using 
abrasive wheels to remove small amounts 
of metal. The tendency is to produce 
machines with devices which remove 
from the operator to the machine much 
of the responsibility for obtaining size. 
Thus semi-skilled workpeople are em- 
ployed where batches of similar work are 
available, and under war conditions with 
practically unlimited mass production all 
types of machine tools have been operated 
,by semi- or even xmskilled labour. This 
course, however, necessitates a consider- 
ably larger amount of supervision than 
under normal conditions, and also requires 
a great increase in skilled toolmakers to 
produce jigs and fixtures so that un- 
skilled labour may be used. 

A fitter’s job may include preparing 
work for the machinist and then correct- 
ing or completing it for building into a 


machine. Fitters rank as skilled craftsmen 
after serving an apprenticeship in which 
they acquire dexterity in making flat 
surfaces by hand tools such as chipping 
chisels, files and scrapers. They also 
require the ability to read engineering 
drawings so that they can assemble com- 
plicated mechanisms, and are generally 
called upon to do a certain amount of 
running and testing a completed machine 
or engine. Fitters are responsible folk. 

Marking up the Job 

Before castings or forgings can be 
machined to shape, the finished outline 
must be scribed upon the work or the 
position of holes marked for drilling. 
This important duty belongs to the fitter 
who requires a set of tools adapted for the 
purpose. Assuming that the finished work 
is to be made from the block, the work- 
man first covers the surface with whiting 
or, if it is a polished steel surface, with 
copper sulphate, to lessen the brightness. 
Fie then carefully measures the various 
distances required, marks the extreme 
positions with a dot from a centre punch 
arid scribes the lines to the shape shown. 
As there is always a possibility of the lines 
being erased before the machining is 
completed, further dots are made all 
along the lines. 

The marker out uses a handy tool called 
the surface gauge (Fig. 4), by means of 
which he can scribe lines at various 
heights and in practically any position. 
If still greater precision be required, he 
has the alternative of a vernier height 
gauge, which enables him to locate 
centres or projections from a >y plane 
surface (Fig. 4). 

So that units may fit together, accuracy 
is essential. For example, if the fitter is to 
assemble parts without a great amount of 
correction, there must be some guarantee 
that careful checking has been carried out 
in the machine shops. So that customers 
can order spare parts with the certainty 
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that they will exactly replace a broken or 
worn part, no deviation in size must take 
place no matter how many parts are 
made. Absolute accuracy cannot be 
obtained, but the extent of error can be 
controlled, and this control is ensured by 
means of a gauge. There are a vast number 
of gauge types, but plug and gap gauges 
are the commonest (Fig. 4). 

Inspecting thejinished job 

The plug gauge is for testing holes, and 
comprises two ends, one of which must 
enter the hole, while the opposite end, 
made a few thousandths, or even ten 
thousandths of an inch larger, must not. 
The difference between the sizes of the 
two ends is known as the “tolerance.” 
The gap gauge is used in the same way, 
but in this case for checking the diameter 
of round bars or other external parts. No 
experience in measurement is required to 
use these gauges, and new recruits to the 
industry quickly adapt themselves to 
checking batches of workpieces. 

On the other hand, inspection may 
involve the use of many high-grade 
measuring instruments, optical, electrical 
or mechanical, while some knowledge of 
trigonometry is useful for checking angles. 
The duties of an inspector thus involve 
responsibility for passing or rejecting not 
only small units, but perhaps a complete 
machine or engine. Recruitment is 
generally from tradesmen of marked 
intelligence who have shown technical 
ability during apprenticeship, or in later 
training. All engineers should obtain pro- 
ficiency in the use of measuring with 
niicrometers or verniers, but to an 
inspector they are an absolutely essential 
part of his equipment. 

Fig. 4 shows a micrometer calliper, 
measurement being taken between a 
fixed end and a moveable spindle. The 
screw on the spindle is cut with forty 
threads to each inch, or i /40th inch pitch, 
so that this is the distance the spindle 


moves for one turn. As the spindle itself 
is divided around into twenty-five divi- 
sions, it follows that if the spindle is given 
i/2^th of a turn, it will move forward by 
the screw on it i /i ^th x i /40th = 
i/i, 000th of an inch. 

An alternative instrument is the vernier 
calliper (Fig. 4), which, by means of the 
difference between two scales, will also 
allow readings to i/i, 000th of an inch. 
An advantageous feature is that internal 
as well as external measurements can be 
taken by the same instrument. Another 
useful instrument for the inspector is the 
dial gauge, which, by means of a pointer 
on a clock face, will register the varia- 
tions, say in the height of a piece of work, 
or the inaccuracy of a running spindle. 
Thus the inspector finds it of much assist- 
ance for the final checking of the accur- 
acy of a machine (Fig. 4). 

Maintenance work 

No factory* could keep going efficiently 
without a maintenance staff to repair 
breakdowns. A maintenance engineer 
requires to be a handy man in all aspects 
of engineering, for, while in a large 
factory some specialists may be employed, 
in many workshops he may be called 
upon to repair mechanical breakdowns, 
electrical defects or boiler troubles. He 
is often needed to work during holidays, 
meal times or during the night. A break- 
down may be such that a large part of the 
factory is involved, and even to close 
down a section may mean that production 
is seriously interrupted. Normal every- 
day duties include the mending of driving 
belts, lubrication of shafting bearings and 
replacement of driving pulleys. The 
maintenance engineer has also to superin- 
tend the installation of new machines 
arriving at the works, to deal with the 
arrangement of belt or electric motor 
drives, and to solve the problems which 
arise in connection with the power- 
transmission — that very important matter. 



STRIVING FOR PERFECTION 


79 



HOW ACCURACY IS ENSURED 

Fig. 4. Trecisc to within a loinute Jroction oj on inch, gauges such as those seen above are 
essential aids to the production of accurate jobs in steelworks. At top left is shown how work is 
scribed with the outline of the job in progress, in preparation for machining it to shape. 



FUGHT TEST PILOT S REPORT 

To a ground engineer , a test pilot passes his comments on the pe^ormance of the aeroplane — a 
bomber — he has just ^put Arough its paces^ in the air. Apart from a few minor peculiarities, 
which will receive immediate attention and adjustment, his report on the aircrtft is favourable, 
which virtuallj means ** another plane ready for service wiA the R.A.F, 1” 




BEHIND THE SCENES IN OUR 
AIRCRAFT INDUSTRY 

By F. T. MeACOCK, A.F.R.Ae.S., M.J.Inst.E 

How a new ^pe oj aircraft is evolved. Importance of specif cation and design. 
Translating plans into planes. How the prototype model is constructed. Jigs and 
tools. Material and personnel. Work in the machine shop. Fitting processes. 
What happens in the assembly lines. Ready for fnal inspection and test fights. 


E veryday acceptance slows down our 
knowledge of things. Mr. Smith, let 
us say, “knows ’planes” well 
enough. They are such a common sight 
nowadays. But because this Mr. Smith is 
just a spectator and not in any way tech- 
nically concerned, his acceptance of air- 
craft tends to make him forget the 
immense amount of work that has to be 
done on them before he sees the final 
result. To the more fortunate, who have 
had the opportunity of examining any 
aeroplane at reasonably close quarters, 
some indication of the complexity of the 
structure will be apparent; but even this 
will not really give more than a vague idea 
of the organization and the number of 
people involved. To supply a broad but 
necessarily brief survey of the production 
of a modem aeroplane, from its earliest 
conception to the first flight, is the pur- 
pose of this chapter. 

The rapid advancement of the science 
of flight has demanded the development of 
new materials, forms of construction, and 
methods of manufacture. Highly-powered 
engines and a new technique in the 
methods of controlling the aeroplane have 
been evoked. The modem counterpart 
of the early flying machines is a very 
complex structure, embracing a great 
number of different manufacturing pro- 
cesses and the use of a wide range of 
materials. During its cortstruction, a con- 


siderable number of groups of technical 
and non -technical^ specialists must be 
employed, each responsible for some 
definite part. The completed aeroplane is 
the result of the combined technical 
ability and mechanical skill of these groups 
working in close co-operation. 

Planning new bombers 

For the purpose of this chapter it will 
be assumed that a specification has been 
issued by the Air Ministry for a new type 
of bomber for the Royal Air Force. This 
will have been carefully drawn up with 
regard to operational requirements, not 
only at the time when the new aeroplane 
will first go into service, but also in the 
future, since it must always be borne in 
mind that operational considerations can 
undergo rapid changes. Wherever pos- 
sible, allowance must be made in the 
specification to ensure that the new type 
will be reasonably elastic in its concep- 
tion so as to permit its operation under 
several different conditions. 

Contained in the specification will be 
found a description of requirements for 
the new type from both the operational 
and the general design aspects. For 
example, the latter will include such 
items as the desired number and arrange- 
ment of the crew’s stations, emergency 
exits, accessibility of seats, maintenance 
facilities, general equipment to be carried 

X 
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and so on. In addition, requirements 
regarding the structural strength of the 
main components of the structure will be 
stated. Under operational requirements 
will be given a summary of the perform- 
ance conditions that must be fulfilled, 
such as top speed, range, take-ofiP run, etc. 
Also under this heading will be found the 
required armament, bomb load and 
operational equipment such as flares, 
wireless equipment, dinghies and so on. 
The completed document is circulated to 
the aircraft industry for the interested 
firms to study and put forward tenders. 

Stages in proto^pe construction , 

Having seen how the new aeroplane 
originates, we can now consider in what 
way an imaginary but typical firm of aero- 
plane manufacturers will translate the 
specification, firstly into a design and 
later into actual aeroplanes. The simplest 
analysis will show that for the production 
of an aeroplane, three main divisions are 
necessary; design, manufacture, testing. 

Upon receipt of the specification, the 
chief desigjner will make his suggestions 
and comments on the general require- 
ments contained in it and pass it on to his 
design staff fpr more detailed examina- 
tion. Generally speaking this design staff 
can be divided into three parts: a 
department dealing with aerodynamic 
problems, performance estimation, and 
weight estimation ; a stress office respon- 
sible for all strength calculations; and a 
project office to deal with the main 
structural design. While these are separate 
and consist of groups of different tech- 
nical specialists, all three departments 
must work in close contact. For example 
it is essential that the aerodynamic and 
stress departments be kept fully informed 
of any changes or proposals made by the 
project design office. This sub-division of 
the design department is then the first 
expansion of the “family tree,” of which 
the final complexity is indicated in Fig. i , 


First of these departments to deal with 
the new specification will be the aerody- 
namics office. Here the performance 
requirements will be studied and such 
details as the engine’s total horse power, 
the wing area, fuel capacity and probable 
size of the control surfaces will be 
studied. An estimate will also be made of 
the weight of the various main compon- 
ents and a preliminary layout drawing for 
the proposed aeroplane produced, show- 
ing the approximate position of the crew, 
main items of equipment, fuel tanks, 
bombs, etc. From this layout and the 
estimated weights of the various com- 
ponents and removable loads, the position 
of the centre of gravity in relation to the 
wings can be found. When this is com- 
pleted, the department will submit to the 
chief designer the suggested layout 
together with a complete preliminary 
estimate of performance of the proposed 
aeroplane. 

When the general design is agreed 
upon, or a modified layout is produced, 
the project design office will commence a 
more detailed design and decide the 
general form of the structure and the 
materials. In conjunction with this the 
stress office will make preliminary esti- 
mates of the loads carried in the main 
structural members, so that their approxi- 
mate sizes can be determined. 

All this preliminary design work cul- 
minates in the production of a general 
arrangement drawing of the proposed 
design to fulfil the specification require- 
ments; a drawing showing the internal 
arrangement, i.e., position of crew, 
equipment, etc.; a performance sum- 
mary; and a summary of the positions of 
the centre of gravity under various con- 
ditions of loading. These are then sub- 
mitted to the Air Ministry. 

If the design be approved, the Air 
Ministry sanctions the construction of 
perhaps one or two prototype aeroplanes 
and the firm receives an order to this 
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FROM DESIGN TO FLIGHT TEST 

Fig . I . How an aeroplane comes into being and the stages of its assembly are clearly andsimply shown 
above by means of a diagram which should be read downwards on the family tree” principle^ 



BUILDING A BOMBER: 

Fig. 2. In the above drawing is shown in broad outline the sequence of the principal processes 
in an aircraft faaoij. Time taken and methods used vary in accordance with the type of aircraft 
produced. The following processes are illustrated: 1, centre section assembly; 2, assembling 
fuselage, mid and rear portions to the centre section ; 3, assembling undercarriage to centre section ; 




METHODS OF ASSEMBLY 

4, installing the engines; 5, assembling the tail plane to the fuselage; 6, the outer wing 
panels being assembled to the centre section; 7 , installing the propellers; 8, the aeroplane 
nearing completion, Bj modern production methods, assembly is accomplished with a rapidi^ that 
seems almost miraculous to those who do not know the scientific care with which it is organized. 
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effect. As soon as this order is received, full-scale model of the proposed aero- 

the design work can proceed to a more plane, or at least of the fuselage and centre 

detailed design of the yarious structural portion of the wings, made from plywood 

components. The project office will and timber or commercial grade metal 

commence to lay out the design of the tubing to represent the structural 

members comprising the structure. While members of the proposed aircraft, 

this is proceeding, more information will r « l w 

become available for the stress office to V ^ ^ock-up 

commence the detail calculations neces- The mock-up is constructed by the 
sary to ensure that every member of the experimental department, enabling . the 

structure is adequate to carry the loads aeroplane ^s internal arrangement to be 

imposed on it during flight. Similarly the clearly examined. It will also provide in- 

increasing detail design will allow the formation such as the comfort and 

weight-estimating department to keep a roominess of the crew’s various positions, 

check on their original estimates. ease of entry and exit, view from the 

At this stage it is usual to construct pilot’s seat, position of the controls, etc. 
what is known as a “mock-up.” This is a As soon as the mock-up is completed, the 



WITHIN THE FUSELAGE 

One oj the girlfiuers in an aircraft factory is seen working ‘inside the fuselage of one of the fast, 
wooden^constructed ^Mosquiw” bombers. This photograph gives a good idea f the complexly 
of the task offtting all controls, pipelines, equipment and other accessories in the fuselage. 
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MOUNTING THE FRONT TURRET 

Aircraft workers lower the power-controlled gunner* s turret into the nose of a Handl^ Page ^^Halifaf* 
four-engined bomber. Other bombers at a similar stage of construction may be seen in the back- 
ground of this photograph, taken at one of the largest Ministiy of Aircraft Production factories* 

Air Ministry sends representatives to greatly on the interchangeability of the 

study the suggested" internal arrangement various components. This exact degree of 

and, if all be well, give it official approval, interchangeability can only be achieved 

As soon as possible the main layout if the parts concerned are made in jigs, 

drawings, details and assemblies are These jigs are a form of tool used during 

passed from the project office to the pro- manufacture and are designed by a special 

duction drawing office in which drawings department known as the jig and tool 
are made of every part of the structure, design office. Thus as soon as the detail 
however small. A larg^ aeroplane will design for the various components is 

need literally thousands of such drawings, completed, the drawings are passed on to 

The success of any aeroplane manu- this department for the appropriate 
factored in large quantities, depends manufacturing jigs and any special tools 
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MONSTER SHAPES IN THE DOPE SHOP 

Fig. 3, A pungent odour and the ceaseless hissing of sprayers greets visitors to the dope shop, 
which is carefully shut away from the rest of the works to prevent f re. Above' is seen the spraying 
of the centre plane section. Spraying serves a twofold purpose — camouflage and preservation. 

to be designed. For the necessary shop ponents of the aeroplane. Building up 
organization a planning department is these sub-assemblies into the main corn- 

required and this will be responsible for ponents such as complete wings, tail 

such items as the allocation of work to the units and fuselages, constitutes the third 
shops, shop procedure, quality and so on. stage in the process of production. 

Finally the last stage is reached when the 
mass production components arp assembled together. 

The manufacture of the complete aero- Having seen the main framework 
plane can be split up into several inter- around which the constructional organiza- 
mediate stages, each having a separate tion is built, let us now glance at some of 

group of people skilled in their particular the many different individual jobs that are 

form of work. These stages can be needed. 

roughly > classed in four main divisions. Examination of the various parts mak- 
First is the construction of the detail parts ing up the complete aeroplane will show 
from raw materials. The second stage that, in general, the materials used can 
follows when the detail parts are with- be divided into four main types. These 
drawn from stores, into which they are can be roughly described as “solid” 
placed after inspection, and built up into material, i.e., blocks, bars, castings or 
what are known as sub-assemblies, a forgings ; sheet metal of two types, thick 
number of which form the main com- or heavy gauge and thin or light gauge; 
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and lastly material in the form of tubes, large numbers of highly skilled craftsmen. 
These of course are not all the materials The methods formerly used to shape the 

used, but they give an indication of the flat sheet was to beat it into shape by 

main types of work required. Each manu- hand — hence the term “panel beatei^ 
facturing department or shop is under the often applied to sheet metal workers, 
supervision of the shop foreman who The latest method involves the use of 

sees that the supplies of raw material or mechanical presses to obtain the required 

finished parts and drawings are obtained shape. 

from the appropriate stores. He also sees Other small fittings made from sheet 
that the work proceeds according to the metal are stamped out in hand-operated 
planned schedule. To facilitate the super- stamping machines. These parts fre- 
vision of the shop, the foreman has one or quently have to be drilled for attachment 
two assistants or charge hands. to other parts by rivets or bolts, and this 

The machine shop is staffed by skilled is done in small drilling machines. Such 
machine operators of both sexes and is work is carried out in the fitting shop, 
responsible for the manufacture of all mainly responsible for small parts made 
parts that have to be made with the aid of from the thicker gauge sheet metal. Even 
such machines as lathes, milling machines, in the fitting shop, a large assortment of 
grinding machines and so on. Parts made small jigs is used for the various processes 
in this way necessarily have a very high involved, such as bending, shaping or 
degree of accuracy, and these are in fact drilling; but there is another factor that 
manufactured (in many cases) to with- has to be considered, 
in a few thousandths of an inch 
of the required nominal draw- 
ing dimensions. It is, indeed, 
the department where the 
solid material is turned into 
the finished parts. 

The next work involved in 
the making of detail parts is 
that in which sheet metal is 
used. Nowadays many parts of 
the aeroplane are made from 
light alloy sheets. For example 
the skin or covering of the 
whole aeroplane, except for 
some portions of the tail unit, 
is often of this material and the 
use of this form of construction 
will need several specialized 
methods of manufacture and 

WORKING ON A WING 
Mass production oj aircraft needs 
rapid training methodsforworkers. 

Here are seen two trainees engaged 
in learning how to drill holes 
in a partially completed wing. 




Fig. 4. Above ma^ he seen an i 
not based upon anj one hind, it 














FINISHING FUSELAGES 
ThMagesforoneofthemstfamvsoffahurcircr^^^^^^ 

The J,ckpiucan be sJ. and the space 0 be occupied by the fully supercharged Merlin 11 engim 
which is capable of producing 1.030 horse power at 3,000 revolutions per minute at 1 6 , 5 Jt. 

with enamel and then baked in ovens 


A very important addition to the actual 
manufacture of the detail parts them- 
selves is their protection against the 
effects of moisture or corrosion. Ihere 
are two main departments which deal 
with this. First is a stove-enai?ielling shop 
in which some of the parts are sprayed 


to give a hard and lasting protection. The 
second department deals with parts un- 
protected by enamel, but by some form of 
plating or deposition of a corrosion- 
resisting metal over their surface. This is 
done by a number of difiFerent processes, 
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the most familiar being the “anodic 
treatment” given to duralumin parts 
resulting in a glossy light grey finish. 
This protection is produced by immersion 
in a tank containing a solution of chromic 
acid through which an electric current is 
passed. This results in the formation of a 
thin protective plating over the surface of 
the various parts concerned. 

Steel tubing 

Steel tubing plays an important part in 
aeroplane construction and is frequently 
built up into structures in which the 
various tubular members are joined by 
welding. Some fuselage frames are entirely 
built in this way. The tubes are cut to 
length in the fitting shop and any necessary 
machined fittings, such as attachment lugs, 
are produced by the machine shop. It is 


then the responsibility of the welder to join 
these parts together to form the required 
structure. Other parts, excluding tubular 
structure, are frequently joined by welding 
as in the case of some small sheet metal 
'Steel fittings of the type previously men- 
tioned as die product of the fitting shop. 

In hand welding, the strength of the 
joint depends entirely on the operators’ 
skill, and all welders engaged in aeroplane 
construction are periodically required to 
submit test specimens of welded joints. 

The preceding few examples have 
shown some of the various types of work 
that go into the manufacture of detail 
parts. The next stage, it will be remem- 
bered, is the assembly of these parts into 
the various larger sub-assemblies which 
are themselves eventually assembled to 
form the main components. 



NEARER ITS TARGET 

Fig. A bomber nears completion in the assembly line, it will he noted that wings, 

nose, engines, and tail have all been placed in position. Two complete rows oj this kind represent the 
nine different stages from receiving the centre section to fitting the propellers, and finishing thejob^ 
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Riveting is used a great deal for the 
attachment of members and for holding 
the sheet metal skin of the wings or fuse- 
lage in place, and many riveters will be 
found at work throughout the sub- 
assembly shops. Some hand riveting is 
also carried out in the manufacture of 
detail fittings in the fitting shop. 

As all the sub-assemblies are completed 
they are subjected to the usual forms of 
inspection before being placed in stores 
in readiness for still further assembly into 
main components. In the assembly shops 
will be seen complete wings, fuselages, 
tail units and so on in various stages of 
completion. As in the other assembly 
shops, the sturdy metal jigs, which hold 
the parts to be assembled in their proper 
relation, will be apparent (Fig. 2). 

Fabric covering and doping 

So far no mention has been made of 
the use of fabric as a covering for the 
wings or fuselage. As already stated, thin 
sheet metal is commonly employed for 
this purpose nowadays, but in some aero- 
planes fabric is used quite extensively. In 
most aeroplanes, however, it is used for 
the covering of such parts as the rudder 
and elevators of the tail unit. Thus before 
leaving the subject of main component 
assemblies it is advisable to visit the 
department in which this fabric covering 
is put on to the structure. Here, as would 
be expected, the work is carried out 
almost entirely by women, numbers of 
whom may be seen busily cutting the 
fabric to shape and skilfully sewing it on 
to the structure. 

Of itself, the fiibric covering is in- 
suflficient and must be made waterproof 
and “drum-tight” by the application of 
a special paint known as dope. This is 
done in the dope shop, where the 
covered components are sprayed with 
dope by means of spray guns. The atmos- 
phere of this shop Is noticeable for its 
strong smell of “peardrops” from the 


amyl acetate in the dope. Unless a mask 
is worn, this atmosphere would soon 
become very uncomfortable, though 
extractor fans are provided to change the 
air-frequency (Fig. 3). 

It must not be thought that only fabric- 
covered components are treated with a 
dope finish. Light alloy skin-covered com- 
ponents will also be given such a finish, 
not because they need waterproofing or 
tightening, but to add the well-known 
camouflage finish. This work is also 
carried out in the dope shops. 

The final stage is reached in the main 
final assembly shop. Here will be found 
rows of aeroplanes being assembled (Fig. 
2). As each stage is completed the as- 
sembly is 'moved along, growing more 
and more complete, until it reaches the 
end of the line in the finished condition. 
At various stages the controls and instru- 
ments are connected up and tested, the 
undercarriage mechanism and bomb doors 
operated, engines installed, propellere 
fitted and so on. The aeroplane is weighed 
in the completed condition and the 
position of its centre of gravity found. All 
that remains is the final inspection. 

Triumph of teamwork 

In so general a survey as the present, it 
has been impossible to mention all the 
people engaged during the various stages 
of construction. To name a few only of 
the jobs that have not been discussed, 
there are tool setters, progress chasers, 
stores keepers, riggers, metallurgists and 
many more. In addition no mention has 
been made of wood-working craftsmen, 
employed for specialized tasks in factories 
which build aeroplanes of wooden con- 
struction. In spite of these omissions it is 
hoped that the discussion has helped our 
Mr. Smith to a clearer idea of the work. 
At the least, he will agree that the job, 
whatever it be and however seemingly 
^important,” is a definite operation in 
a large and comprehensive oiganization. 
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INSTALLING ENGINE ,£N “TYPHOON” FIGHTER 
Id the bu^ but carefullj ordered main assemblj shop, an aircraji is given its motive power » 
An engine power unit is being hoisted to the aircraft pick-up points. The lifting tackle is hung 
from the roof of the main a^emblj sbpp, while a spacer frame is used to' keep the cables of die 
sling well away from the descending engine, which is being lowered into place for connecting up. 





READY FOR ACTION 


Afiet trying Ai end of the assembly line thefaisbed tank undergoes a rigorous testing under 
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HOW TANKS ARE MADE 
IN BRITISH FACTORIES 

By Guy Leonard 

Planning the armoured monsters of modern war. Factors that the designer must 
consider. > Protection and fire-power versus speed. Problems of sub-assembly con- 
struction. Main assembly plant and its workers. Making and fitting tracks. Vital 
accessories. How the turret is fitted. Role of the test drivers. 


T anks, like ships, have character. It 
is built in with the engines and the 
guns. It derives from the men and 
women who build them. To those men 
and women this chapter is dedicated, for 
they deserve every tribute that can be 
paid to them. 

Those men and women know little of the 
birth-pangs of the tank. When they begin 
work, its final form has been decided. It 
starts life as an idea, takes tentative form 
on paper and emerges as a prototype. 
Only when this has been satisfactorily 
proved, does production begin. 

The Army would like the ideal tank 
with heavy guns, armour that will resist 
any shellfire, capable of enormous speed, 
and with an unlimited range. Although we 
can aim at it, as we all know, we cannot 
have perfection, and so the Army and the 
designers and. engineers collaborate to 
achieve the best they can in the various 
types wanted for different purposes. 

It is not generally appreciated how 
much labour and how much time go into 
the construction of a successful tank type. 
On the face of things it would seem that 
all that has to be done is to decide on the 
type, draw the plans, and then ask the 
factories to make it. It has been known to 
take about five years from the moment 
that it is decided tq build a new tank 
until it is ready for mass production. This 
is a grim reflection on the preparations 

S.O.P.J. — 


which the Germans must have been 
making in the years following Hitler’s 
seizure of power! 

First of all one has to decide on the sort 
of battle one expects one’s tanks to fight: 
vrill they be needed for battling against 
other tamks, for reconnaissance, or for 
supporting infantry? The Germans had 
four types: the light reconnaissance tank 
(there were two of these, Marks One and 
Two), the Mark Three for tank battles, 
and the Mark Four for infantry support. 
The two last types were more or less 
interchangeable. This problem settled, 
one has then to decide how much armour, 
how big a gun, and what speeds are 
required. All these factors are inter- 
dependent. To the tank designer, armour 
and guns represent weight requiring 
engine power to move it. If the tank is big 
it will require a very large engine, and 
even then will not be very fast. If the 
designer aims for speed he will try to 
make his tank small. A small tank means a 
small gun, otherwise there would not be 
room for the recoil — or for the 
ammunition. 

Having settled roughly the principles 
on which he is going to work, the 
designer passes his ideas on to the design 
department which get down to problems 
of weight, armament and speed. It wiU 
take them months — ^working as hard as 
they can — ^to find the answers to the 
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HOW MODERN TANKS 

Fig. 1, In successive stages the construction of a tank is illustrated above. In one tank there are 
as mai^ as eight thousand di^erent parts, and to simplijijr constructional methods different units 
are sub<ontracted and eventually sent to the final assembly plant where they are co-ordinated. 
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ARE MASS PRODUCED 


Tank assemblj differs from normal mass production methods because no conveyor belt could carry 
the weight of the growing tank. Therefore the production line consists of two rows of tank hulls, 
specialized workers moving fiom one hull to another until the tank has been finally completed. 
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problems the designer has set. When 
their work is done they will have pro- 
duced a series of drawings capable of 
translation into a tank that is more or less 
a full-size working model. This is the 
stage at which the “real work” begins, 
but this stage will not normally be reached 
until a year after the drawings have been 
completed, because every part — ^and 
there are thousands of them — ^will have 
to be specially made. 

Adjustments ^nd redesigning 

Presuming that the designer’s ideas are 
fundamentally sound and that the tank 
goes when the engine is started, a long 
process of trial and correction now 
begins. It should be borne in mind that all 
the parts of a tank are related closely to 
all the other parts, and that any adjust- 
ment in one may mean adjustment in 
many others. Adjustments may mean the 
manufacture of new parts, and time slips 
by. It is not always easy to discover the 
cause of a fault, and it may mean weeks of 
patient running back and forth under 
particular conditions before it is traced. 
Changes may have to be made merely to 
discover what is vn'ong — and there are so 
many things that can go wrong in the early 
stages of the life of a tank. 

Perhaps the transmission gives trouble. 
This may be due to the track, the gear- 
box, the engine, the suspension, or even 
to the shape of the hull. Perhaps the 
suspension is not strong enough to stand 
up to the innumerable bumps it receives. 
This will mean redesigning the springs 
and shock-absorbers, the hull to take 
these and possibly the weight of the 
whole structure. At the end of a year it 
may be found that the design as first laid 
down is impracticable and a fresh start 
must be made. Rarely is it as bad as that, 
however, but a tremendous amount of 
redesigning is inevitable. 

When the first one or two models have 
been tested — perhaps to destruction — 


other prototype models are built and like- 
wise tested. It does not matter how many 
times the tank breaks down when being 
tested, but it would be fatal if it fails in 
battle. Therefore, every possible weak- 
ness is sought out on the testing-ground, 
and every possible care is taken to set 
right the discovered faults. 

In building railway engines or motor 
cars there is a vast field of experience on 
which the designer can draw. In addition 
a new car or engine is not often revolu- 
tionary in design — ^although its makers 
may claim so. These things are built on 
the basis of known facts, but there are 
relatively few such known facts about 
tanks because they are only put to the 
ultimate test in actual warfare, and were 
born only in the First World War. 

Planning ahead 

in addition, cars are designed to run on 
smooth, well-surfaced roads, railway 
engines are made for the smoothest track 
of all — the railway line, where a gradient 
of one in a hundred is thought to be steep. 
In action the last place one may expect to 
find a tank is on the road because there it 
is a target for the enemy. It will have to 
go across country, any sort of country, it 
may even have to operate in mountains. 
It will need to wade streams and surmount 
obstacles. 

After four or five years the design may 
have become more or less settled. The 
prototypes will show that the type is 
“battleworthy,” and mass production may 
begin. Then someone will have an idea 
for improving it. That idea, if it warrants 
the delay in production, will be tested 
on some of the finished models. If it be 
satisfactory it will be put on all the new 
ones being made, and later on those which 
were •made beforehand. 

No wonder, then, that tank designers 
are usually worried-looking men whose 
vocabulary contains more “ifs” and “buts” 
than almost any other person’s. That we 
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MAIN COMPONENTS OF A TANK 

How the most important of the eight thousand components which go to make a modern tank are 
arranged is shown in the above illustration. Positioning of guns, periscope, control lever 
and radio is carefully planned to give maximum ^cien^ with minimum disconfort to the crew. 


have succeeded in building such good 
tanks as we have is a tribute to our 
designers and to the British capacity for 
improvisation. 

While the prototypes are being built 
the firms who will undertake the actual 
production are selected, and formed into a 
group. Every detail about these firms has 
been card indexed and their capacity is 
exactly known. Usually the firm which 
has made the prototypes acts as “parent” 
to the group, so that all the experience 
and specialized knowledge which it has 
acquired so painfully during the months of 
experiment is passed on to other firms. 

In a tank there are as many as eight 
thousand different parts and a total of up 
to 40,000 pieces altogether. Therefore, 
arrangements are also made in advance for 
the production of all the small parts, the 
rivets, the armour plate, the gear boxes, 
the transmission, the suspension (or 
springing) and the engine. This work will 


be done sometimes by specialists, but 
often by people who have never before 
had the remotest connection with vehicles 
of any kind, least of all fighting vehicles. 

Some of the smaller firms will do a 
certain amount of sub-assembly: wheels 
and springs will be put together to form 
the suspension: the complete gear-box is 
made up from the gear wheels, shafts and 
case ; and the engine, the pistons and rings 
which may be produced by specialists 
in these things, will be built up, tested 
and passed on as a complete unit. At gun 
fectories other workers will be making 
the guns and mountings. If the new tank is 
to have a cast turret, foundries will be 
preparing the moulds and metal. 

All these bits and pieces are brought 
together at the main assembly plant. The 
thousands of parts are put together in 
their predestined pattern. Here one can 
see the purpose behind the pieces and 
the fulfilment of the designer’s dream. 
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All this sounds very simple. It is, in 
feet, the barest essentials of the elements 
of production. In order to put the thing 
into its proper perspective it may be 
useful to consider for a moment just what 
happens to an individual component. Not 
something obviously difficult like guns or 
engines, but something relatively easy 
such as armour plate, or wheels and 
suspensions, or even tracks. 

Making the armour plate 

So let us start with the armour plate. 
Its weight, thickness and shape are deter- 
mined by the type of the tank, the weight 
the tank can carry and its shape, for it will 
have to fit together round the hull even 
closer than a jig-saw puzzle. The plate is 
made in a steel works from iron-ore and 
scrap, pressed and rolled into the desired 
thickness and shape. It is an encouraging 
thought for the ardent collector of 
salvage that some of the metal he or she 
handed over may have been in tanks 
which routed Hitler’s divisions. The rail- 
ings which used to line your front garden 
may have gone into the guns and ammuni- 
tion which enabled those tanks to fight 
through to victory. 

Armour plate, however, does not 
consist entirely of ore and scrap, but also 
of various hardening and , toughening 
materials such as. wolfram, nickel and 
chromium. It is these that give the steel 
its strength and enable it to resist the 
impact of shot and shell. There is con- 
tinuous research to discover new and 
better ways of toughening steel, of getting 
more resistance for the same weight. 

It is easy to imagine how difficult it is 
to cut pieces off this very tough plate 
once it has been shaped, and so, as far as 
possible, it is made exactly to size. When 
it is fitted to the tank the gaps between the 
plates must not be greater than one two- 
thousandth-of an inch or a weakness would 
result which might be fatally discovered 
in the heat of battle. The skill of the 


British workman, famous throughout the 
world for generations, ensures that these 
very fine limits shall not be exceeded. 

Now let us look for a moment at the 
tracks on which the tank moves. We 
must not forget that a tank actually lays 
down for itself a steel path on which its 
wheels run. This track is made up of a 
number of track plates, forming an end- 
less belt, linked together by very strong 
steel pins. When the tank is moving the 
part of the track which is in contact with 
the ground is, of course, quite still — that 
is, relatively to the ground and not to the 
tank. But part of the track is moving, 
moving fast, in fact twice as fast as the 
tank itself. Thus it must be very flexible. 
The track is driven by two sprocket 
wheels at the rear of the tank. That is 
their single function. (See Fig. i.) 

When a tank is running over uneven 
ground the first shock of contact with the 
bumps is taken by the tracks. When 
obstacles are being surmounted — walls, 
ditches and tank traps — the immediate 
strain is thrown on to the tracks. When a 
tank is climbing hills or descending into 
valleys, the tracks have to bear the weight 
and strain of climbing and descending. 
Small wonder, then, that the tracks have 
to be enormously strong. However strong 
they may be, they are still the most vul- 
nerable part of the tank, for if one plate or 
pin be broken — and there are many of 
them — the tank is completely immo- 
bilized, and a stationary tank is a sitting 
target for enemy guns and bombs. 

Women play a big part in making the 
tracks. It is a hard, dirty, smelly, un- 
pleasant job. First a mould is prepared by 
packing a pattern into sand in an iron box. 
This pattern has exactly the shape of the 
track plate. The pattern is removed and 
into the space left molten steel is poured. 
When the steel has cooled and hardened, 
the fastenings of the box are knocked 
away, the track plate taken out and any 
odd pieces of metal that may be on it 
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DRILLING THE HULL 

Fig. 2. in order that various towponents laajr be attached f both inside and outside the tank^ holes 
have to be drilled through armour plhte. Above is shown the process oj drilling the hull of a tank. 



IN THE MAIN ASSEMBLY SHOP 

Multiplici^ of the operations which go to make the completed tank maj be glimpsed Jrom the 
above photograph taken in the main assembly shop. Drilling operations (see bottom left), painting 
and fitting proceed simultaneously as the rows of tanks gradually take their familiar shape. 


removed. This is a hard, monotonous and 
dirty job, for it is necessary that each 
mould should be exactly like its fore- 
runner. 

The track plates are fitted together in 
the foundry where they are niade, but are 
separated again for ease of transportation, 
to be re-united in the assembly plant. 

For^ tons ride smoothly 

It might be thought that it would be 
easy to make wheels and suspension units 
to run on the track which the tank lays 
down, but that is because we instinctively 
visualize cars when we think of wheels and 
springs. A car, weighing perhaps two 
tons, travels along a smooth road pre- 
pared for its passage, but a tank, weighing 
in some cases up to nearly forty tons, has 
to travel at speeds of up to thirty miles an 
hour across any sort of count^. 


Inside the tank is a lot of very delicate 
apparatus, varying from a powerful inter- 
nal combustion engine to a beautifully 
designed radio set — ^not to mention a 
crew who, tough as they may be, can 
oiJy stand a certain amount of banging 
about in their steel box. Therefore the 
suspension, or springing, must be stiff 
enough to absorb the greater part of the 
inevitable shocks, and resilient enough to 
allow the tank to ride easily. In some 
cruiser tanks the motion is rather like that 
of a yacht over the sea; the bumps are 
there but the tank rides easily and 
smoothly over them. 

Cruiser tanks usually have what is 
called **knee-action” suspensions. That is 
to say, they bend much as the human 
knee does — ^almost exactly as the knee 
does in ski-ing. 'The unit is made up of 
a spring and a piston working in a 
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cylinder of oil, which takes on the duty of 
the thigh, and another length of steel 
joined on to it, which acts just as the 
lower leg does. The American “General 
Lee,” “General Grant” and “General Sher- 
man” have a different form of suspension. 

Another of the, to the layman, surpris- 
ing things about tanks is that many run on 
rubber tyres. Each wheel which runs on 
the track has a solid rubber tyre, and for 
this purpose a tank may need quite a lot 
of rubber. A “Crusader” tank has alto- 
gether ten wheels, five on each side, each 
about three feet high. Altogether the 
tyres on those wheels weigh about two 
hundred pounds. 

The wheels and suspensions are usually 
assembled in one factory, and sent on as 
complete units to the final assembly plant. 
This practice of sub-assembly has proved 
of enormous value in speeding up the out- 
put of tanks, and it is obviously necessary 
for making parts like radio sets. It would 
be unreasonable to expect the factories 
which do heavy engineering work to 
undertake this delicate and complex task. 
Moreover, spreading the work in this way 
enables thousands more people to be em- 
ployed, thus speeding up production. 

How “bottlenecks*^ are prevented 

To feed all the sub-contractors and sub- 
assembly plants with material and parts 
demands a vast and complex transporta- 
tion system. Supplies must be adequate 
and punctual. If there is delay in deliver- 
ing one item of raw material, that delay 
will be felt through every plant working 
on the type of tank involved. Suppose, 
for example, there is a hold-up in sending 
iron ore to the blast fuiTtace where the 
pig-iron is made. The blast furnace will 
be imable to send any iron to the foundry 
where the steel track plates are made. It 
may not be possible to arrange for an 
alternative source of supply, so the track 
plate foundry will also fall behind with 
deliveries, The final assembly plant will 
s.o.p.j. — T>* 


then have tanks complete except for the 
tracks and will not be able to get them off 
the assembly line. The factory will soon 
become choked with parts which cannot 
be assembled for lack of room, and further 
deliveries will have to be refused. This 
backward movement will be reflected in 
the other component factories which, in 
turn, will become clogged with parts 
which they cannot deliver., Eventually 
they, too, must stop, and so production 
may cease altogether for a time because 
one tiny cog in the machine has slipped. 

It is the duty of the planners and pro- 
gress officers to see that, so far as is 
humanly possible, stops of this kind do 
not happen. Alternative sources of supply 
must be found. Extra manufacturing 
capacity must be sought out, and if neces- 
sary, other, less important work must be 
put aside for a time until the bottleneck 
is smashed and production flows freely. 

In the production line 

Now let us see what happens in the final 
assembly shop, where the tank takes shape 
and the planners’ dreams fructify; where 
the various components and sub-assem- 
blies go in at one end and the finished tank 
emerges at the other ready for testing. 

Usually we shall find that these plants 
are heavy engineering works, well accus- 
tomed to the handling of weighty 
machinery. There will be overhead cranes 
in each bay, and the factory will be laid 
out much on the lines of a mass produc- 
tion factory, although mass production 
methods are not followed exactly because 
no system of conveyor belt could possibly 
carry the growing tank from its inception 
to its completion. The tanks are pushed 
along the production line as each stage is 
completed. The production “line” will 
consist of, probably, two lines of tank 
hulls in various stages of progress. 
Specialized workers move from hull to 
hull to add their little piece, or do their 
particular job, until the tank is complete. 
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It is finally filled up with petrol, oil and ping,” and it is one of the operations in 
water, and sets olf under its own power on which the woman’s “touch” has proved 
its way to the testing ground. As it goes on to be most valuable. Most men try to 
its way the line of tanks moves up, and at force the hard, brittle “taps” through 
the other end of the line workers begin the tough metal, and there are breakages 
to bolt together plates in the shape of a in consequence. It is impossible to avoid 
box. Later on they will be riveted these altogether, but the gentler hands of 
together, and the hull will begin to take women, coupled with a patience which is 
shape. Meantime, there is much to be almost equally characteristic, save thou- 
done. The turret for this particular tank sands of taps every week. Nor does this 
is made up of a number of plates which only save taps ; it economizes time and 
have to be welded together. In the weld- materials for men who have to make those 
ing shop we shall find this work in full taps with precious hard steel, 
swing. The turret ring, on which the 

turret swings round, has to be machined Bullet-proy rivets 

and teeth cut into it. Similar teeth on a On the other hand, women are not 
small wheel attached to the bottom of the usually as good as men at riveting. It seems 
turret will engage these. that the female nervous system cannot 

Holes have to be drilled into the stand up so well to the continuous 
armour plate in order that various gadgets vibration which the pneumatic riveting 
may be attached both inside and outside machine sets up in the operator. The 
the tank (Fig. 2). In these screw threads rivets are bullet-proof, but they have to be 
may have to be cut so that the gadgets so made that they cannot be forced out of 
may be screwed on. This is called “tap- their holes and fly round in the tank. 



PUTTING ON THE TRACKS 

Fig. 3. An endless belt oj plates, held together bjr steel pins, forms the steel path upon which 
the tank moves. Their importance can be visualized when it is said that one fault/ track, pin, or 
fitting maj immobilize the tank at a crucial moment in battle. Above is seen workmen engaged 
in the task of pulling these track plates over the wheels, they will then be joined together. 
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UP SHE GOES I 

Overhead cranes in each hay are a feature of the tank assembly factory. The photograph shows 
an eighteen-ton cruiser tank of the “Crusadef" class being hoisted as it nears thefnal stage in its 
•progress through the factory. It will be noted that at this stage the tracks have already been filed. 

Another woman’s job is electric ments put in the driver’s compartment 
wiring. In a tank this is very complex and, and seats provided for the crew. Mean- 
understandably, the wiring is put well out time, in an instrument makers’ shop 
of the way of the crew and moving parts, somewhere else, the “eyes” of the tank, 
This work demands, therefore, patience the periscopes, which enable the crew to 
and the ability to stay in awkward posi- see when the tank is completely closecj up 
tions for considerable periods. Women do for action, are being built of steel and 
this work extremely well, glass. By a very ingenious contrivance the 

Once the box, or hull, is complete, glass lens of the periscope may be changed 
axles, wheels and suspensions are put into in a matter of seconds should one get 
place ; the engine is dropped into its bed, smashed during a fight. It can be done, 
gear box and transmission are added there- too," without the necessity of anyone 
to. Fuel and oil pipes are fitted ; instru- moving from his place in the tank. 
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Finally, the turret is carefully lowered 
on to its ring (Fig. 4). Then the track 
plates are assembled into a long strip, 
pulled over the wheels, tightened, and 
joined together (Fig. 3). The petrol, oil 
and water tanks are filled and the tank is 
ready to undergo its first trials. 

Before the trial runs begin, everything 
is given a check over. This is in addition 
to routine checks which have been made 
at every stage of manufacture, but the 
test driver must satisfy himself that the 
tank is absolutely ready for the tests it is 
about to undergo. On this first trip it may 
be a dragon without teeth. It is quite 
likely that its guns have not yet been 
fitted. It may stay like this until its 
maker’s trials are finished. 

What the test driver looks for 

The test driver does not at once tear 
round the testing ground to discover the 
new tank’s weaknesses. This is the last 
thing he does to it. At first, he goes very 
gently, in bottom gear, to see how it 
responds to the controls. He accelerates 
the engine, watching all the time the 
many gauges. He watches fud and oil 
consumption, temperature and smooth- 
ness of running at various engine speeds 
up to the maximum — and over it. Still in~ 
bottom gear, he turns to right and to left, 
feeling all the time how well the tank 
responds. Then he changes ^ear and goes 
through a similar performance in second 
gear; then in third; then in top. Then he 
tries changing gear up and down, and only 
when he is satisfied with all these things 
does he begin testing over bumpy ground. 

When he is completely satisfied that 
everything is as it should be, the tank is 
taken back to the shop to be examined in 
every detail. With this examination com- 
plete, it is taken out again and once again 
tested in detail. But now, when the 
details have been checked, it is taken on 
to the testing course. This course is 
deliberately selected to offer every kind 


of difficulty that may be met with in 
operations. If they do not exist naturally 
they are substituted artificially. Finally, 
the test driver takes the tank over the test 
course at maximum speed. And all the 
time the driver is watching, watching. At 
the slightest sign of weakness in any 
respect he will stop. The weakness will 
be put right and tested again and, if neces- 
sary, again until the tank has proved 
itself up to the very high standard our 
fighting forces have the right to demand. 
Then, when the tests are finally com- 
pleted, the tank is taken back to the shops 
and once more overhauled in the minutest 
detail. If the examination proves that 
everything about it is in order, it is taken 
to an ordnance depot where the guns are, 
if not already there, fitted. 

Now a word about the guns: the two- 
pounder and six-pounder anti-tank guns, 
and the 7.92 mm. Besa machine gun. 
Combinations of these weapons comprise 
the armament of most of our tanks. At 
one time, in fact, the two-pounder was 
the main armament. It was designed 
before the outbreak of the Second World 
War for fighting in the close country of 
Europe. Its most effective range is com- 
paratively short, about four to six 
hundred yards. 

A deadlj ’weapon 

Tank battles in Western Europe were 
expected to be fought at such ranges. It 
has a high muzzle velocity and, in good 
hands, can be a deadly weapon. The 
advantages of its small size are that it 
occupies little room in the tank turret, 
thus enabling a relatively large supply of 
ammunition to be carried, and its rapid 
rate of fire. 

Developed during the war, the six- 
pounder became the most effective gun 
of its size in the world. It has replaced 
the two-poimder as the main tank gun. 

A gun is as precise in its workmanship 
as an expensive watch, and as tough as a 
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LOWERING THE TURRET 

Fig. 4. Here we see a late and important stage in tfte assembly of a tank. Guided by a worker, 
who is signalling his requirements to an operator of the overhead crane, die turret is 
being lowered with care and precision into its appointed position on the hull. 
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battering-ram. It must be able to stand up 
to the shock of an explosion that will hurl 
a projectile from its muzzle at enormous 
speed, and be so built that it will direct 
that projectile accurately to its destina- 
tion, These qualities call' for the most 
careful workmanship and the finest 
materials. "Near enough” is not good 
enough. “Exactly right” is the demand, 
and the men and women of the gun 
factories meet that demand with a speed 
and a skill that have confounded our 
enemies. 

Forged from finest English steel, the 
gun begins its life as a solid piece of metal 
like a gun in shape, but a little bigger in 
every way than it will be when it is 
finished. It goes from the forge to the gun 
factory where hundreds of operations are 
carried out on it. The gun is first bored 
through its length and then roughly 
machined on the outside. Then it has to 
be bored and smoothed inside till it 
resembles a circular mirror ; and rifled to 
make the shell twist as it is fired. This 
makes the shell travel nose first. A 
chamber is cut out at the breech end to 
accommodate the shell and cartridge. A 
breech-block must be made to close the 
breech effectively when the gun is fired. 
A breech ring joins the breech-block ajid 
the barrel together. On the breech- 
block a firing mechanism is fitted. 

Cun-making 

Of all the delicate, highly-skilled work 
that goes into the gun, 8o per cent, has 
been done by women, who had not been 
thought capable of doing it. But under 
the urgent stress of war these women 
found in themselves qualities which even 
they did not believe were there. They did 
hard, heavy, monotonous work as though 
to the manner bom, and excelled at it. 
The British Army has lavished praise on 
the makers of its guns, and by for the 
greater number of those workers were 
women. “Ordinary” women and timid 


little girls, whose only aim in life was to 
run a home and rear a family, found in 
themselves the strength and courage to 
become engineers controlling huge mach- 
ines capable of cutting the hardest steel as 
they themselves would cut bread in a 
saner world. That magnificent strength 
and courage are a great national asset. 

Special ammunition is made 

In other factories women joined with 
men to make the ammunition that would 
feed those guns. That ammunition must 
fit the guns as perfectly as everything else 
about a tank must fit. Our tank crews 
praise the Lord and praise the ammunition! 

One-third of the workers making tanks 
were women ; two-thirds of the workers 
making shells were women ; four-fifths of 
the workers making guns were women; 
and nineteen-twentieths of the workers 
filling the ammunition with explosives 
were also women. In the filling factories 
there is quiet, and it is fitting that it 
should be so where the explosives that 
propel the shells are handled. For those 
explosives make a noise but once in their 
lifetime and they must do it in a proper 
place. Everything that has been said about 
care and accuracy in workmanship is even 
truer of the operations that are carried 
out in the filling factories, and although 
everything that can be done to reduce 
risk is done, there is still the possibility of 
serious accident. That risk has been taken 
by these splendid women who, in their 
cool courage, Were no whit behind the 
men in the front line. 

In the making of every component that 
goes into a tank women have had their 
share, it may be greater, it may be 
smaller, but without them our tanks 
would number hundreds instead of the 
thousands which we now have. The 
victories of the men in the field were 
made possible only by the magnificent 
work done by women as well as men in 
factories on the home front. 
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PRODUCTION LINE 

Above may be seen the production bne, with the as yet uncompleted tanks in various stages oj 
construction. The tank on the bottom right has been equipped with its engine and will soon be 
ready Jot die turret to be lowered on to its ring. The petrol, oil and water tanks will dien be 
filled and the completed tank move off under its own power for a rigorous testing before despatch. 
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The batch delivered from the business 
end of the mixer, properly mixed, is 
trucked up, labelled and wheeled into the 
glasshouse to await the batch-filler, who 
feeds the various pots or tanks at correct 
periods so as to be ready for the glass- 
workers after fining. 

Gullet is scrap glass. No wastage of 
metal takes place in a glassworks. Actually, 
broken scrap from other melts of the 
same make-up helps the fusing, thus giv- 
ing homogeneity to the mixture by being 
incorporated and mixed in the batch. A 
characteristic general melt could consist 
of the following ingredients, in carefully 
prepared quantities: sand, felspar, dolo- 
mite, barium carbonate, soda ash, nitrate 
of soda, saltpetre, borax, manganese or 
cobalt (decolorisors), cullet. 

As all the ingredients have to be melted 
at very high temperatures, in the region 
of T,^oo° centigrade, a furnace is the 
primary necessity. Glass was and is 
universally melted in pots, these being set 
like eggs in a nest (Fig. 3), the nest being 
the furnace proper, and the heat being 
directly or producer-fired from a central 
or nearby fire of coal. Coal is still a 
leader in the fuel field with gas as a 
heating agent in many modem factories. 

?ot-furnace heating 

Imagihe an underground cavern com- 
plete with fire bars and air channels. This 
is the chamber designed to promote the 
draught necessary for combustion, also 
acting as a chamber for cleaning out ashes, 
etc. At a higher level, on' the next floor as 
it were, we have the "cupola.” Here the 
stoking-up in the combustion chamber is 
carried out. Above this is the furnace 
proper (Fig. j) 

The heat is directed through the floor 
of the furnace or "eye,” consisting of a 
round hole centrally placed in the "siege” 
or floor, which is usually of circular 
formation. Around this eye are situated 
the glass-melting “pots” or containers, 


placed very close together in radial 
formation. Enclosing the entire group of 
siege and pots are the furnace shell and 
flues. The furnace “crown” is a dome- 
shaped roof enclosing the pots from the 
chimney proper, above. 

The whole action to promote the 
necessary temperature for glass-melting is 
the circulation of the burning gases from 
the eye around the pots. How this is done 
is clearly shown in Fig. £, which gives 
meaning to the large conical chimney, so 
familiar and characteristic a feature of 
certain glassworks. 

At a convenient level for the pot 
mouths, are situated openings in the 
furnace wall. These give access to the pots 
for filling with batch and withdraw ing the 
molten metal when fined. 

Tank furnaces 

Another contrasting type of furnace is 
the tank. The combustion chamber, in- 
stead of carrying pots of molten glass, is 
so constructed that the lower walls form 
a large bath made of special clays and 
capable of holding an enormous quantity 
of molten glass. Owing to the quantities of 
glass it is able to hold and deliver without 
a refill, this type lends itself to the manu- 
facture of the cheaper forms of glassware. 

A pot qf well-regulated and fined 
glass is still the first essential in the art of 
good glass-making. Whereas one furnace 
of the multi-pot type, for instance, can 
hold as many colours or grades of glass as 
there are potsj only one type of glass can 
be drawn from a tank furnace. 

Glass furnace pots are made of hand- 
picked clays. The clay pot cannot be 
fired until just before it is to be placed in 
the furnace to replace a worn-out or 
defective pot, and is veiy fragile. 

Many types of pots are in use and vary 
considerably in size at different factories. 
In section some are round, others egg- 
shaped, while the “skittle pot” types are 
small though in appearance not unlike the 
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BREAKING UP I 

Fig. I. Breaking up a cold pot oj optical glass which has been withdrawn jrom thejiirnace. In 
everj other section the industry, pot breakage is guarded against to avoid loss in output. But in 
the case oJ optical glass the pot must be shattered to release the hardened metal as here seen. 
When exposed, the solid mass of metal is itself broken up into manageable pieces, great care being 
taken in grading the various lumps for splitting, grinding and polishing, to ensure pefection. 
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SCENES IN A GLASS WORKS: 

Fig. 2. In successive stages the illustration above shows the production oj glass articles from the 
mixing rf the raw materials— frindpalfy silica, soda and lime— to the pachng and dispatch of 
the finished articles. Eve^ home owes much of utill^ and beau^ to the skill of the glass-worker, 
whose traditional craftsmanship has survived the introduction of labour-saving methods. 
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TRIUMPH OF ORGANIZED SKILL 

Whikt semi-automatic machines which press the molten glass into shape, andjullj automatic ones 
which produce thejhished article without being touched bj hand, are used for the mass production 
of cheaper kinds of glassware, die better qaali^ tfpe still depends upon indiridual sblL Both 
methods employed may be, studied from the above impressica cf work in a large glass facto^. 
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INTERIOR OF A GLASS FURNACE 
Fig. 3. Above is seen a plan of the interior of a 
glass furnace. Clay pots are arranged in a 
circle^ the heat coining in through an “e/e,” 

jars in which, by an accepted convention, 
tbe Forty Thieves met their unpleasant 
end. Which last remark lends a certain 
irony to the necessary comment that the 
working iife of all pots varies consider- 
ably. Some last as long as six months; 
others need replacing after a day or so. 

All pots have to undergo a preliminary 
firing before becoming fit for service in 
the furnace proper. The “christening” 
preliminary firing of a pot takes place 
within an auxiliary furnace; and it is 
slowly brought up to a heat satisfactorily to 
withstand the heat of the furnace proper. 

The “stage” is now prepared for the 
“setting” of a new pot. Workmen attack 
the wall of the actual furnace below the 
defective pot-mouth, pulling down the 
bricks and clay mortar with crowbars. 
As the wall falls, heat gushes out. The old 
pot is now levered from its seating and 
pulled out as quickly as possible by 
means of an iron-pronged trolley. This is 
a moment of awe-inspiring beauty. The 


sweat-gleaming bodies of the men take on 
a Satanic aspect as they pull and lever the 
dazzling, shimmering, whitehot veteran. 
When the old pot is out the new pot is 
withdrawn from the auxiliary furnace and 
is rushed forward on a similar trolley. 
Men, working in relays, lever the new pot 
into the position previously occupied by 
the old. 

Some glass-works house as many as 
eight complete pot-type furnaces with a 
pot capacity of from four to twelve or 
more pots per unit furnace. 

No glass-making plant is complete 
without a very necessary type of auxiliary 
furnaces, termed “lehrs” or “annealing 
ovens, designed slowly to cool off to room 
temperature the hot glass as it leaves the 
glass-makers’ hands. 

This oven — a tunnel — is of great 
length, either oil-fired, gas- or coal-fired. 
The finished wares are placed singly in 
rows within coupled sheet-iron pans or on 
steel mesh endless mattresses which run 



CONSTRUCTION OF A FURNACE POT 
Fig. 4. Made from speciallj selected clay suit- 
able to withstand great heat, the furnace pots 
undergo a slow preliminai^'^ heating before 
being placed in position in the furnace. 



POT-FURNACE IN ACTION II9 



HOW A GLASS FURNACE FUNCTIONS 

Fig. £, Here in section is seen the glass furnace of which a plan is given on the opposite page. 
Note the position of the pots, built into the furnace. These pots are of the same ^pe as that also 
shown opposite; jet another example is in process (f being broken up in the illustration on p, I J5. 

on bearings down the entire length of the In the majority of instances, glass- 
oven. makers have been initiated to the cr^ on 

This action and process of annealing leaving school. A craftsman skilled in 

removes “strain” and acclimatizes the hand-making glass is priceless. In an age of 

glass to the temperature of the outside intricate moulds and automatic machinery 

world as the articles on each tray, or on the race is tending to die out in certain 

the belt, are pulled to the receiving end localities. The secret of his skill is the 

of the tunnel by a youth, at stipulated finit of long practice. As the semi- 
periods — again see Fig. 2. molten metal is starting to sag upon his 
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STAGES IN MAKING A FLASK 

Fig. 6. I, gathering molten glass on blowing-iron; 2, parison after marvering; 3, marvered 
glass puffed up** bj mouth-blowing; elongated parison before insertion into open mould; 
5, after withdrawal from mould; 6, finished flask, cracked-offfrom iron, brimmed and engraved. 




GLASS-BLOWING 

blowing-iron, the worker caresses the 
glass gently with his tongs, or flattener. 
When he blows his enormous bubbles, we 
watch fascinated, expecting a burst or 
fell as he swings his blowing-iron with 
the object of elongating the glass (Fig. 2), 

Apart from moulds, to be touched 
upon later, the “hollow-ware” makers 
use few implements. Let us note that the 
glass for making bowls, wine-glasses, jugs 
and decanters, be they plain or intended 
for cutting, must be of an exceptional 
quality (that is for “collectors* pieces”) 
most of it being of a “lead crystal” 
variety.. This is a very soft glass for 
working and remains in that state for a 
much longer period than say “flint” glass. 

Blowing -iron^s use 

From the earliest period of glass-blow- 
ing, the use of the blowing-iron or tube 
has been the method employed. This pipe 
is a hollow iron tube, tapered for blowing. 
The other end is rather bulbous to 
facilitate “gathering” the glass from the 
pot. The glass- worker also owns an 
assortment of tongs and shears, used for 
flattening, smoothing, and opening out 
the “parison” or bubble of glass. Many 
of these implements in use are held 
against the molten glass, whilst the 
workman rotates his blowing-iron or 
“pontil” with the palm of his hand along 
the arm of his “chair.” This consists of a 
wooden seat for the worker, with two 
iron-shod arms projecting at a gentle 
slope (Figs. 2 and 7). 

Various shaped blocks of wood or iron 
— ^“shaping blocks” — are used to obtain 
the desired contours of a parison that has 
been blown on the iron; or the contours 
may be freely hand-made. The parison 
blob of hot glass is designed to suit the 
class of ware being made, a suitable 
parison being half the battle towards pro- 
ducing a good shape, be it hand-worked 
or mould manufactured — even on fully 
automatic bottle-making machines. 


AND MOULDING I2l 

To transfer a shape, in order to enable 
the end attached to the blowing-iron to 
be opened out, a short iron rod is used, 
termed a “pontil” or post. Made of solid 
iron rod, it carries a blunt button end; a 
small quantity of glass is gathered upon 
this tip and “stuck” to the glass awaiting 
transference from the blowing-iron. 

Pontil mark's meaning 

When fastened to the pontil, the glass 
is re-heated, being again Worked with 
shears or crimped with tongs to a desired 
pattern. The reader may own salad bowls 
or jugs, etc., made in this fashion. If so, 
an examination of the base centre may 
reveal a shallow depression that has been 
ground away. This is a sure indication that 
the vessel was hand-made and hand- 
fashioned. 

In the old days, many hand-made 
articles were made from moulds of wood 
or iron. Simple wooden moulds, which 
had the disadvantage of soon charring to 
larger than the desired internal diameter, 
were fashioned by chiselling out two 
exact-sized pieces'of wood, each being the 
other’s coxmterpart in design and a hole 
being made at the top of the two halves 
for the insertion of the parison of glass. 
On hinging together the two halves, the 
mould was complete. The woods used ijj 
their construction were aider, poplar, 
pear and lime. Even to-day wooden 
moulds are used for certain experimental 
“short-run” work. 

Semi-automatic moulds 

When metal moulds became popular, 
their style remained the same, and at the 
present time is only a trifle more elaborate 
for a hand-worked mould. 

Moulds for semi-automatic and ftilly- 
automatic machines are much more 
elaborate, consisting of a parison mould 
and a finishing mould (Fig. 9), The 
parison mould does the work of the glass- 
blower, forming the special shaped 
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bubble of glass for insertion into the 
finishing mould. A jet of compressed air 
blows up the parison, after its trans- 
ference, to the shape of the finishing 
mould’s interior (see Fig. 2). 

A furnace group of men, working on 
one individual task is called a “hole” of five 
men. They are the “gatherer,” the “blower” 
or “marverer,” the “finisher” or “chair- 
worker,” the “wetter-off” (usually a youth) 
and the “taker-in this last being the youth 
who removes the finished article to the 
lehr, or annealing chamber, to cool off. 
Promotion mainly takes place from the 
two last-mentioned ranks of workers. 


Behind the wall of the furnace is a 
molten glass-filled pot waiting to be 
worked out. The gatherer prepares him- 
self for the task, carefully heats his 
iron, inserting the gathering end just in- 
side the lip of the working hole of the 
pot, and supporting the other end upon a 
rest. Pre-heating guards against “chilled” 
metal — or disfiguring iron marks showing 
upon the ware when blown. 

On viewing the molten glass, or metal, 
inside the pot through a piece of blue 
glass, we see a clay ring floating on the 
surface of the metal, keeping back any 
sediment or surface scum from creeping 



GLASS AIDS SCIENCE 

Glassware is usedjor manj purposes in the laboratory and dispensaij. In the above photograph a 
bentdi-worker is working on a piece of scientific glassware which has been heated bf a blow- 
lamp. He shows how a gauge may be used in work of this character. 





SKILL OF THE CHAIR-WORKER 

Fig. 'y. In the above illustration a chair-worker is seen in the act oj removing a chair-made, 
footed glass goblet from the blowing-iron. Suhsequendj , the ware is brim-Jinished on a cracking-ojf 
and flashing machine thus both improving its appearance and providing a smooth drinking-edge. 


glass works — o. fascinating sight! 

Watch his motions and face, as he 
wields his iron, forming as though by 
magic the shape desired. After years of 
blowing, a glass-worker’s face develops 
elastic properties. Sometimes we see him 
make no more than a modest blow to 
form a parison to be enlarged within a 
mould. This parison is worked and en- 
larged to the size required, so as easily to 
•conform to the shape of the mould’s 
interior when actually blown. The blower 
may then walk over to a mould of the 
"pvdl-to” style, let into the shop’s floor, 
or to a mould operated by a wetter-off. 


Whether it be a mouth-blown shape 
or a mould-made article, the resultant 
glass-ware has to be cracked-off, on with- 
drawal from the mould. 

Chair-worker takes over 

Next the chair-worker or “finisher” 
proceeds to model to a conclusion the 
article in hand. It is quite surprising to 
see one of these men, without taking any 
measurements, shape a group of glasses or 
vases with no variation to be detected by 
the naked eye; or to see him welding 
together intricate specimens of chemical 
glassware with consummate skill. 


FROM 


GATHERING 


TO JUG 


The taker-in is always busy removing 
new creations to the annealing “lehr,” 
as the chair-worker hands over to the 
wetter-ofF, to enable the latter to dis- 
connect the finished ware from the iron. 

In reviewing independently the most 
important methods of manufacturing 
certain articles of glassware, we may as 
well start with a simple jug and tumbler. 
These are evolved from a “lead crystal 
glass,” for subsequent brilliant cutting, 
or etching, or to be left quite plain. For a 
decoratively cut piece the glass-blower 
will have to make a much thicker jug or 
tumbler, to allow for the pattern to be 
added at a later stage. 

Making a jug 

A gathering is made from the pot 
mouth to the required quantity. Assum- 
ing that the jug and tumbler are to be of a 
cylindrical pattern, a pair -of moulds is 
utilized for spun work. 

Our glass-blower, having marvered the 
gathering to a suitable parison for the jug 
or tumbler, mounts his bench or stool, 
thus being* elevated directly above the 
mould. Seated beneath him is the assistant 
awaiting him with open mould. 

On die parison being carefully placed 
within the open mould, the assistant 
closes the two halves. The glass-blower, 
exercising his lungs by blowing down 
the blowing-iron, and at the same time 
rotating it, produces a shape to conform 
with the design of the mould’s interior. 
This action of spinning the iron forces the 
shape of the glass within the mould to 
rotate, thus eliminating mpuld joints and 
producing a flawless skin and finish en- 
hancing the appearance of the article. 

On die assistant opening the mould, the 
shape is found still to be attached to the 
iron. In the case of the tumbler, the next 
step is for the wetter-off to crack this 
bottle-like shape from the parent iron by 
means of a piece of cold steel or an old^ 
file. This h^ to be done with care to 


avoid any fracture of the body. So far as 
we are now concerned, the tumbler is 
finished, except for annealing and any 
subsequent treatment found to be neces- 
sary in the finishing shops outside the 
glasshouse proper; but the jug has pro- 
bably yet to be footed, lipped and fitted 
with a handle. 

Adding the foot 

If the jug has to carry a foot, we see 
during the process of blowing the body 
another small wooden or iron mould 
being worked, representing the shape of 
the foot. Whilst this base is rotating in 
the mould, a wetter-off with tongs in 
hand rings it deep near the mould joint 
for easy cracking-off. Both the base and 
mould blovm body, still attached to their 
respective irons, are now carried to the 
furnace hole by their workers, to be 
reheated at the extremes, and then stuck 
together. 

The iron attached to the body portion 
— ^that is, the part to be opened out for 
lipping — ^is cracked-off in a circle. The 
body at the now-cracked-off end is 
reheated, being handled for this purpose 
by the iron still fastened to the foot or 
base, which remains in position until the 
whole jug is completed. 

When the body becomes soft by 
reheating, the top is opened out by the 
chair-worker, who cuts the soft glass 
with shears to the shape of the opening 
required, thus leaving a crude brim. He 
then models this extremity into a lip by 
dexterous touches with tongs. 

Next — the handle I 

To fit a handle, the gatherer takes a 
“ponty” or short rod of solid iron with 
the business end flattened. A gathering of 
glass is made and marvered into the form 
of a long narrow cylinder upon the ponty. 
This is held in a horizontal position across 
the chair. One end of the cylinder is then 
allowed to adhere to the jug, as far down 
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its body as may be necessitated by the 
particular design. With the shears the 
chair-worker cuts off sufficient of the 
glass cylinder to meet his requirements 
(Fig. 8). He presses this free end into 
position to form the first joint of the 
handle and lastly he shapes this crude loop 
to the designer’s pattern, or his own style. 



HANDLING 

Fig. 8. Still on its base iron, this jug is 
receiving its handle in the form of a glass rod, 
here being cut with shears. 

The final operation is the cracking-off of 
the base iron from the now-completed 
jug. On completion the ware is removed 
as soon as possible to the lehr. 

Next, let us glance at pressed glass 
which takes the form of cheaper table- 
ware, certain styles of cosmetic and 
commodity jars, stoppers, wall and pave- 
ment lights, railway, road and torch 
lenses, tiles, and illuipinants such as 
bowls and bracket lights, etc., the recom- 
mendation of pressed-ware for certain 
purposes being its cheapness of manu- 


facture. All the necessary processes are 
carried out in one operation with an 
assistant gatherer and a taker-in. 

Molten glass is gathered from the fur- 
nace, and a portion of the quantity 
desired cut off with shears into the base of 
the mould by the presser. This mould 
base, carrying the exterior design of the 
article, is fitted into position below a 
plunger, which is shaped to the interior of 
the article to be pressed. 

A lever mechanism is connected to the 
plunger portion, being operated by the 
workman, who on cutting off the molten 
glass pulls the lever down with a steady 
action, thus squeezing the glass into shape. 

On the lever being released, the 
niould is withdrawn, working on slides. 
The newly-pressed article is removed by 
inverting the mould and tapping out, or in 
some cases of very heavy and intricate 
work by opening the mould by means of 
the handles provided. The moulds usually 
employed for pressed-ware are very ex- 
pensive to manufacture. 

Automatic machines play a very im- 
portant part nowadays in the production 
of cheap containers for every need. The 
parison cutter is the chief man on the 
smaller machines of the “suction and 
blow” type, or semi-automatic machine. 
He has to gauge the amount of glass 
required to form a given article. 

Another method is full automatic 
working. These machines are quasi- 
human. They gather the glass, make the 
parison, blow-up the parison within 
finishing moulds of great mechanical 
ingenuity and. exactitude, delivering the 
finished article down to a shute, ready for 
annealing. All these operations are per- 
formed without the article being touched 
by a single worker. 

A wonderful process! All the same let 
us foster and expand the traditions of fine 
hand-made glassware. Sooner or later the 
supreme virtue of all crafts lies in that 
individual element — ^the human touch. 



** 







INSIDE A POTTERY OVEN 

Potteij, one oj the most ancient crafts, is also one of Britain's most flourishing industries » 
Above is shown the interior of a potteij oven. Carefully placed in fir e-’proof boxes called saggar^ 
to protect them from direct contact with the flames, the articles of pottery ware are carefully 
stacked and fired” to produce the hard, porous finish known as %iscuit” After it has been with- 
drawn from the biscuit firi* the article is ready for decoration, glazing, and hardening. The 
same oven, or a similarly constructed one, may be used to fire the glost (or glazed) ware, 
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HOW THE POTTER WORKS 
HIS CRAFT TO-DAY 

By .GORDON M, FORSYTH, R.I., A.R.C.A., AND MOIRA FORSYTH, A.R.C.A., N.R.D. 

British pottery a home-grown indust^. Tradition plus progress. Stages from raw 
material to finished product. Use of Joll^s and jiggers. Firing and glazing 
processes explained. How tunnel ovens are operated. Methods of decoration, 
Tranfier printing and other forms of ornament, Howyour cup and saucer are made. 


T eapot, cup and saucer, or, if you 
will, plate, vase or bowl, and any 
other familiar objects of the many, 
humble or costly, that we owe to the 
potter’s craft. Let us ask them to tell 
their own story, of how they come into 
being and of the workers who make them. 
The reply would be something like this: 

British pottery is essentially a “home- 
grown” industry. Though in design it has 
not escaped external influence, practically 
all the craft’s raw materials are found in 
Britain and both its production and the 
skill of its workers have resulted from 
centuries of undisturbed development. 

British potteiy famous I 

That throughout the world British 
pottery is famed for its quality is attribut- 
able to the fact tliat, although the in- 
dustry has developed along mass-produc- 
tion lines, it retains its individuality. 
Pottery is a fragile material, difficult to 
handle by machine. Hence mechanization 
has not been great, and almost every 
worker, however small his part in the 
finished product, is a skilled craftsman. 

But before tracing the progress of our 
cup and saucer through a typical (but 
imaginary) factory, let us briefly glance at 
the distribution of the industry through- 
out the United Kingdom. 

The manufacture of general earthen- 
ware is largely concentrated in the 

S.O.P.J. — 


Potteries, as are fine china and English 
china, though there are famous firms else- 
where including those at Derby and 
Worcester. 69 per cent, of the tile pro- 
duction of the country is centred in 
North Staffordshire, and 7^ per cent, of 
electrical porcelain. Sanitary ware is 
more dispersed than any other section, 
but at least go per cent, of its total pro- 
duction comes from the Potteries. 

The natural tendency of the industry to 
concentrate in one district has had 
valuable results in the past, and may be of 
great importance in future development. 
Although this settlement was originally 
brought about by the abundance of locj 
clay and coal, die chief locating factor 
to-day is the skill of the people who have 
worked in the industry for generations. 
Ancillary services have grown up round 
the industry; potters’ millers, engaged 
in the preliminary processing of raw 
materials ; colour manufacturers, prepar- 
ing underglaze and enamel colour^ ; litho- 
graphic transfer firms and engravers, both 
producing patteiTis for the mass-decora- 
tion of ware ; and cratemakers and 
coopers, whose venerable craft is stilf of 
great importance. These are all skilled 
trades, some of them demanding five to 
seven years apprenticeship. 

Originally, the raw materials of pottery 
production were drawn from the locd 
soil, and even to-day Etruria marl is used 



OPENING A MOULD 

Fig. I . Above a shilled craftsman is opening the two-piece plaster mould in which a classical 
vase has received its form. This method of construction is sharplj differentiated from that of 
throwing on the wheel when, as shown on the opposite page, the rapidlj rotating claj is shaped bj 
hand-pressure. In modern production casting is generally used to reproduce paueiy sculpture, and 
is jet another process demanding care and hnowledge oh the part of the craftsmen concerned. 



BASIS OP THE CRAFT 



MODERN-STYLE “THROWING” 

Fig, 2. One of the patterns most ancient devices, the throwing wheel, when now used, is electrically 
operated, Bj means of this rapidly rotating disc, the clay is shaped with an almost incredible 
speed. Here, the neck of a vase is taking form under the hands of an experienced thrower. 


in the Potteries for making the brown 
teapot and the red flooring tile, as well 
as for the Staffordshire blue brick and the 
roofing tile; while local coal is used for 
firing. The white earthenware clay body is 
a mixture of ingredients drawn from other 
districts ; ball clay, china clay and Cornish 
stone from Cornwall, Devon and Dorset, 
and flint from France or the south, coast of 
England. China ware derives its translu- 
cency from the substitution of calcined 
bone for the flint and ball clay used in 
earthenware. The chief materials of glaze 
making are china clay, Cornish stone, 
flint, felspar, borax, lead silicate, and the 
various metallic oxides. Many of these 
raw materials, heavy in bulk and low in 
money value, travel by canal barge. 


Pottery is still made from clay and 
hardened by fire, as it has been from the 
earliest days of civilization. The processes 
of pottery-making in this district have not 
greatly changed since industrialization was 
first effected, but the introduction of the 
continuous firing oven means a change 
not only in methods of firing but in the 
general planning of production. When 
this type of firing is used the layout of 
the factory must centre on feeding the 
kiln, and there must be sufficient produc- 
tion to keep it continuously at work. 
Continuous firing has not yet superseded 
the older intermittent method, but of 
recent years numerous “tunnel” ovens 
have been installed in the large factories. 
It is difficult to believe that a delicately 
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PUG-MILL TO ENAMEL KILN: 
Fig. 3 . How a modern Potteryfunctions is indicated in another of the drawings speciallj made for 
this book. Seen above are the main processes which arejullj explained in the text. The ingenious 
methods wherebj raw material is transformed to many useful and even essential domestic articles 
preserve in great part their traditional craft-character: 1, baUeij of pug-mills, upright ^pe; 




TRADITION TLUS PROGRESS 
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SCENES IN A POTTERY WORKS 

2 , power-driven Jigger; 3 , Jollejing cups; 4, placers at work {note frreday saggars); 5 , con- 
tinuous-jiTing biscuit kiln ; 6 , dipping : glazing after biscuit fire; 7 > glost placers loading truck, 
8, the glost oven; p, pottey decorators (note conv^or belt); 10, enamel kiln, circular ype. 
How progressive methods and modern appliances expedit£ production is well seen in these pictures. 
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glazed and richly decorated teacup and 
saucer can be evolved from the clay and 
stones we see weathering in the factory 
yard, yet every process in their making 
takes place within the four walls of the 
average “potbank.” Now let us follow the 
evolution of our teacup. 

Making a teacup 

The first stage is the preparation of the 
clay body. This is a process of purification 
and mixing, largely carried out by machin- 
ery. The component parts of the earthen- 
ware body are as follows: china clay 20, 
Cornish stone calcined flint 3^:, ball 
clay 30. Roughly we may say that the 
china clay gives whiteness, the stone and 
flint hardness and durability, and the ball 
clay the plasticity necessary for easy 
working. 

The china clay, Cornish stone, and 
flint are separately ground in water in 
great milling beds, while the ball clay 
passes through a “blunger” containing a 
series of revolving blades. The various 
materials are mixed together in their due 
proportions in the slip state, i.e., in 
liquid condition, passed through sieves, 
and then over a battery of magnets to 
extract any minute particle of iron which 
may be in the mixture, and which, if 
allowed to pass, would cause a speck or 
defect in the ware. Thereafter the slip is 
putnped into a series of press-cloths — 
oblong bags made of sail-cloth — and the 
water squeezed out by the pressure of the 
pump. The presses are then unscrewed 
one by one and the cloth bags emptied. 
The residue of clay is roiled up, looking 
very like rolls of thick blankets with a 
corrugated surface. From the mill this 
clay is taken to the pug-mill and 
thoroughly “pugged.” The pug-mill is *a 
kind of mincing machine, in which a 
series of revolving blades mix and knead 
the clay, which is slowly pushed out of 
the pug in a long cylindrical or oblong 
mass, as is seen in Fig. 3 . 


The clay is carried straight to the 
making shops, but may be stored in damp- 
boxes or clay cellars before it is used, in 
which event it must be “wedged” by hand, 
as clay very quickly begins to dry on sur- 
faces exposed to the air, and must be 
made thoroughly homogeneous to ensure 
success in the using. 

In modem production, the potter’s 
wheel is now rarely used (Fig. 2) ; its place 
has been taken by the semi-automatic 
throwing machine known as a “jolley.” 
This has a power-driven revolving disc 
with a head like a metal plant-pot, which 
holds a plaster mould; a ball of clay is 
placed inside, a lever pulls down a metal 
template into the revolving mould, and 
in an instant spreads the clay over the 
whole surface (Fig. 3). After this, any 
spare clay is cut away from the edge, and 
the mould containing the shaped piece 
carried away to the drying cupboard. 

Flat pieces, such as saucers and plates, 
are made on a bench “jigger” by much the 
same process, but here an automatic 
spreader is first used to make a pancake of 
clay of the required size. This is lifted 
and placed on the mould, and a steel 
template drawn down to form the out- 
side of the piece and give it a rim or foot. 
Large flat dishes are often made in the 
same way, and finished by sponges and 
rubbers. This is a highly skilled operation, 
as interesting to watch as the evolution of 
a shape in the hands of a thrower, 
especially in the making of large elliptical 
or irregular-shaped dishes. 

fassed to the handler 

Instead of making on the jolley and 
jigger, pieces may be slip-cast in dry 
plaster moulds (Fig. i). This is more 
usual in large factories making earthen- 
ware and china. Casting is the chief 
method of reproducing pottery sculpture. 

Now the piece of clay, whose fortunes 
we are following, bears a rudimentary 
resemblance to a cup, but has as yet no 






HOW CHINA IS BEDDED 

With skilled touch, an operative is' bedding china dishes in alumina to prevent them warping 
in the biscuit fire. The delicagr of china, as opposed to earthenware, necessitates this process. 




APPLYING “sprigged” ORNAMENT 

Fig. 4. In some cases ^ claj decoration is applied to the body oj vases or other objects. How 
such ornament is made by pressing clay into specially designed moulds is clearly seen in the above 
photograph. Such ornament is attached with a little slip and the vase goes to the drying room, 

handle, and is rather clumsy. When it has now attached with a little slip. Any clay 
dried to a “cheese-hard” condition, it may decoration, such as sprigging, is also added 
be given lightness and finish by a process at this stage (Fig. 4). Our cup, with 
of turning on a lathe; the cup is refined by many others, is then carried away on a 
the cutting away of surplus clay and the board to the drying room, where it 
shaping of the foot with a steel tool. From becomes white hard. In this condition the 
the turner the cup is passed to the ware is very brittle and easily broken, 
handler. The handle has been pressed ol- and needs most careful handling. Hence, 
cast in a mould, and allowed to dry to the “white hard” is a relative term, as a basic 
same extent as the cup, to which it is fragility has still to be overcome. 


FIRING AND GLAZING 


137 


The nature of the clay is changed by 
passing through its first (biscuit) fire, and 
it becomes a hard but porous material^ 
known to the potter as “biscuit.” If the 
firing is done in an intermittent oven, the 
ware is carefully stacked by the placer in 
fireproof boxes knowm as “saggars” (safe- 
guards), in order to protect it from 
direct contact with the flames. Saggar 
upon saggar is then piled up in the huge 
bottle-necked oven for firing. An ex- 
perienced placer knows the various rings 
or zones of fire which develop different 
intensities of heat, and places his different 
wares accordingly. When the oven is 
stacked from floor to ceiling," its entrance 
is bricked up and sealed, and the fireman 
takes over. He, again, is a highly skilled 
man, knowing the vagaries of each oven, 
when the heat must be brought up, and 
how long an even temperature must be 
maintained in order to give the ware a 
good “soaking” fire before the oven is 
allowed to cool. For biscuit the maximum 
temperature ranges firom 1,000 deg. C. 
to 1,300 deg, C. Tests are taken from 
time to time during the firing. 

Ware cannot be withdrawn imtil it is 
cold, and the kiln must cool very slowly. 
To fill, fire, cool, and “draw” a biscuit 
oven takes some ten days. At one time 
placers and firemen were paid only on 
ware “good from oven,” but this method 
of assessing payment is now abolished. 

Through the tunnel oven 

Should our cup pass through a con- 
tinuous-firing kiln it has a different 
experience. These “tunnel” ovens are 
long, low structures, built within the 
main shop. Ware is not enclosed in 
saggars, but stacked on trucks which are 
drawn very slowly through a gradually 
increasing temperature to the required 
maximum, and is gradually passed on 
through the cooling stages, to emerge at 
the other end (Fig. 3). Time of firing 
varies according to the nature of the ware. 

s O.P.J. — ^E* 


A biscuit truck may take from 60 to 70 
hours to pass through the oven. 

On emerging from the biscuit fire the 
cup is ready for decoration with under- 
glaze colours. Perhaps the ornament is 
applied freehand by a skilful pottery 
paintress (Fig. 7); perhaps a transfer 
from an engraved copper plate may be 
applied, such as the familiar blue Willow 
Pattern. A print is taken from the copper 
plate in precisely the same way as an 
etching (Fig. g) and vigorously scrubbed 
on to the absorbent biscuit with stiff 
brushes. The piece of ware is then 
dipped in a tub of water to wash the paper 
away, and the sticky oily colour is left on 
the surface of the piece. This oiliness 
must be burned out in a “hardening-on” 
kiln before the ware is taken to the dip- 
ping-house to be glazed. 

How glazing is done 

Next comes glazing. The porous biscuit 
body readily absorbs the liquid glaze, 
which is applied by dipping or spraying, 
leaving a thick powdery coating adhering 
to the surface (see Fig. 6). By either 
process this is an operation demanding 
skill in handling and in the determination 
of the amount of glaze required. The glost 
fire fuses the glaze to a glassy film at a 
given temperature (1,100 deg. C. to 
1,35-0 deg. C.). The placing of ware for 
the glost fire is a most delicate process ; it 
must be handled with extreme care, and 
propped on small stilts and spurs to 
prevent adhesion when the glaze reaches 
melting point. These stilts are knocked 
off after firing, and the roughness they 
leave removed by polishing. 

The cup may now be finished, but 
should it require any on-glaze decoration, 
whether by lithographic print, enamel 
colour, gold, silver or lustre, this is now 
applied and a final firing given in the 
enamel kiln, at a temperature varying be- 
tween 600 deg. and 9^0 deg. Centigrade. 

To follow our cup from the factory to 
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the china department of the big store, technical quality of British pottery has 
where it first attracted our attention, is remained high from that day to this is 
hardly necessary. Our teacup has reached largely due to the fine standard set up and 
us as a result of the work of countless men maintained by the great traditional firing 
and women whose co-operation, direct or whose names and fine quality workman- 
indirect, brings us the thing we want, ship are familiar all over the world, 
when and where we want it. Earthenware and china — spectacular 

It was not until the last half of the sections of the industry — are still of 
eighteenth century, the days of the first primary importance, but other branches 
Josiah Wedgwood, that the industry as we have developed rapidly of recent years, 
know it to-day was established. The grow- and have an assured future. These are the 
ing popularity of tea in this country led to pottery trades associated more closely 
a great demand for the fine tableware with Jbuilding, namely — ^sanitary ware, 
which Wedgwood, Spode, and other tiles, and electrical porcelain. From the 
potters were making, and gave new pros- luxurious, coloured bathroom suite to the 
perity to the industry. The tea-cup, whose most delicately precise piece of electrical 
evolution we have followed, was made in porcelain engineering, the pottery in- 
much the same way then as now. That the dustry can supply all demands. Electrical 



TRANSFER PRINTING IN PROGRESS 

Fig. One of die most usual forms of decoration, such as is so often seen on Willow Pattern 
plates, is ejected bj tranfer printing, A print taken from a copper plate is scrubbed on to the 
absorbent ware and the paper washed away haying the oily colour on die surface of the biscaiu 
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GLAZING BY DIPPING 

Fig. 6. Above, the porous biscuit body is being glazed by dipping, after which it goes to the 
glost Jire where the glaze is fused to the familiar glasy flm. Dipping requires much skill 
and judgment as to the amount of glaze to be applied to the work in the biscuit state. 


porcelain, the most modem section of the 
industry, is highly mechanized, and em- 
ploys only skilled workers. The sanitary 
trade calls for a precise degree of skill, 
and wages in this section are relatively 
high. This is one of the few pottery trades 
wher^ women are not generally employed. 

An industry so long established has the 
advantages of long tradition and an almost 
hereditary craftsmanship to its credit; it 
also has other legacies in the shape of old 
and inconvenient factories and lack of 
modern amenities. Many potteries are 
very old, and have grown up in oddly 
assorted units, but year by year new 
factories begin to take their place, and 
many more are planned. Some will 
deplore the passing of the old coal-fired 


oven, and the! two-storied shops with 
their outside staircases ; workers who 
have been moved into new, light, and 
well-designed factories, have often bit- 
terly lamented the “cosy” little shops 
where they used to work. But the change- 
over is inevitable, and the reconstruction 
plans of many pottery-making firms 
include extensive re-building. 

Women of the Potteries 

Even after marriage, the women of the 
Potteries have always worked in the 
industry. Wages are not high, but it is 
difficult to make comparison with those 
of other industries, for about 8^ per cent, 
of wages is ‘paid on piece-work rates. 
This method of payment has long been 
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customary with pottery workers. Crafts- 
men have always been trained within the 
industry. Young entrants may pass through 
the Junior Art or Junior Technical 
Departments of the Stoke-on-Trent 
Schools. Both provide a two years* full- 
time course of general and vocational 
training, which may be supplemented by 
later specialization in the art or tech- 
nical side of pottery. The aim of these 
courses is to raise the general standard of 
education for apprentices to skilled 
branches of the industry. 

It has been said that the art of the potter 
cannot survive industrialism. This is but 


partially true; the personal quality which 
was so apparent in the work of early 
Staffordshire potters, and which resulted 
from the direct expression of the artist’s 
ideas through the work of his hands, has 
largely disappeared with the introduc- 
tion of the machine and the division of 
labour. The industrial craftsman, however 
small his share in the finished product, 
still retains an artist’s skill, though he has 
been robbed of his power to create. The 
mistake which mass-producers in many 
industries have made too often in the past 
is to think that “art” can be added to a 
product by the application of a little orna- 
ment. The designer of the 
future will be given a more 
important place in industry; 
he must be trained not as a 
decorator only, but to under- 
stand all the technical processes 
of industry. He may use the 
machine as a tool, and still 
produce a work of art, pro- 
vided he understands and 
appreciates the nature of the 
material he is shaping. 

He may well take a pride in 
his work. Just as potting is 
among the most ancient 
forms of culture, so does it 
continue to survive the as- 
saults of time and man. That 
in one sense pottery is among 
the least destructible things is 
freely acknowledged. Even 
though an individual pot be 
broken, its shards survive to 
tell distant generations of the 
manner of man that made it. 
Here, however, it is with 
potting as a living industry 
that we are concerned, and 
as for the future, adequate 
provision must be made for 
all members of the public; 
a new home should at least 
mean a new tea-set. 



CUPS IN THE MAKING 

On the conv^or belt, cups fresh Jrom the joll^ and now in 
process of receiving their handles are on their way to the 
drying room and thence to the biscuit bln. 



WITH DEFT BRUSH STROKES 

Fig. 7. D^tness of touch is characteristic of the craft, as is seen above where a decorator is 
completing a design with shljul brush strokes. Open on the bench before her is an old pattern 
book, still valuable cfter generations of use. By such means are tradition and progress united. 

The pre-war structure of the industry of the small firm whose initiative and 
was that of a loosely-associated collection variety are its chief assets, 
of individual units, each of which pro- The pottery industry cannot be planned 
duced and marketed its own wares. Only simply as a self-contained unit; its pros- 

the large mass-production firms had perity is, like that of other industries, 

standardized their .wares to any extent; largely dependent on economic factors 

the small firm, with very little mechaniza- beyond the control of any single section of 

tion or other restrictive factor, could the community. But its assets are great: 
produce an astonishing variety of shapes, a tradition of quality which has made it 
sizes and decorations, and coidd meet the world-famous, skilled workers unmatched 
requirements of any market. War con- in any other country, and materials which 
ditions imposed an absolute Government offer endless possibilities. Improvement 
control, standardization of products, in both the technical and the artistic side 
pooled production, and selected markets, of production will go on, and given the 
Small firms became anxious about their right soil for development, namely, peace 
future; they contended that control of and full employment, the future of the 
this kind operates to the advantage of the pottery industry will undoubtedly be one 
large mass-producer, to whom standard- of great and increasing achievement for 
ization is a necessity, and to the detriment the general welfare of mankind. 



HRST STAGE 


Wool from millions of sheep goes each jear to make the woollen fabrics woven in British mills » 
Most of it is imported from Australia and elsewhere, but above is shown a British shearer using a 
portable shearing machine with almost incredible rapidi^ to remove a sheep^s heaij Jleece. 
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WOOL FROM FLEECE 
TO FABRIC 

By A. N. SHIMMIN AND A. JOHNSON (UNIVERSITY OF LEEDS) 

How raw wool is sheared and baled. Choosing and valuing thejleeces. Distribution 
and size of the woollen industrj in Great Britain. Opening and carding operations. 
Miracle of the spinning mule. How mill operatives peform their different t<jsks. 
Djeing,fnishing and marketing the cloth. Sorting for worsted and how it is made. 


S EEN on a sheep’s back, wool in its 
natural condition scarcely suggests 
its latent possibilities. That is, to 
Mr, Smith, the layman ; to Mr. Smith, the 
expert, it looks very different. He sees 
beyond the greasy, tangled mass to a 
wide range of useful and attractive fabrics. 
He knows, too, that in quality there is 
every degree of fineness from die coarse 
wools that go to make carpets to the 
superfine types from which the daintiest 
of fabrics can be woven. This large selec- 
tion of types is not solely produced by the 
sheep of Great Britain. By far the greater 
part of the material used in the wool 
textile industry is imported. From the 
extensive Australian sheep stations, carry- 
ing well over one hundred million sheep, 
we get large supplies of high-grade wool 
of the kind which occurs in the fleece of 
the merino sheep. From New Zealand and 
South America (Argentina and Uruguay) 
we get mainly the coarser wool of the 
“crossbred” sheep. From South Africa 
finer wool is obtained; some of it vying 
in quality with the good Australian types. 

Although very substantial amounts of 
wool come from these four primary 
markets there is not sufficient to permit 
of making every wool fabric frorn new 
wool. It has been said that if everything 
had to be made of new raw material none 
of us could enjoy a new suit more fre- 
quently than once in five years. This may 


be merely a pleasing story, but it calls 
attention to the importance of re-worked 
materials in wool textile manufacture. 
From “hard” rags, like tailors’ clippings, 
“mungo” is made; from “soft” rags, like 
old stockings, “shoddy” is made by the 
tearing or grinding action of an array of 
teeth on the swiftly running cylinder of a 
rag-grinding machine. The origin of the 
terms shoddy and mungo is obscure. 
Unfortunately they suggest an inferiority 
in the final product. When re-worked 
with a proportion of new wool, or with 
cotton, these “pulled” rags can put 
cheaper but reliable cloths within the 
reach of millions of purchasers. 

Centres of the indust^ 

In the west of England and south of 
Scotland there are old-established centres 
of manufacture, and cloths of high repute 
are still made there. It is in the West 
Riding of Yorkshire, however, that the 
main concentration of wool manufecture 
is found. Within a radius of twenty miles 
from Bradford are eighty per cent, of the 
workers employed in the industry. Doubt- 
less this marked locali2ation is due to an 
early use of hill pasturage for sheep, the 
coal mines of the area for power, and the 
availability of water power whence the 
traditional woollen mill derived. Also, in 
Yorkshire and Lancashire the population 
is as closely grouped as in any area of 
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Great Britain, providing a valuable local 
market for the textile industry. 

Specialization in the site of manufacture 
is matched by specialization in products. 
Most people speak of cloth made from 
wool as “woollen” cloth, but the sensitive 
ear of the man in the industry demands a 
careful distinction between “woollen” and 
“worsted” cloths. Serges, tweeds, flannels, 
and blankets are typical “woollen” cloths. 
Worsted goods — the term “worsted” 
originated from the Norfolk town of that 
name — are the fine-textured, smooth- 
surfaced fabrics we know as ladies’ dress 
goods and men’s wear. Woollen mills are 
found chiefly in Huddersfield, Leeds, 
Dewsbury, Batley and Morley districts. 
Women’s dress goods come from Brad- 
ford and Halifax, and the finer qualities 
of cloth for men’s wear from Hudders- 
field. The West of England trade is chiefly 
in high-grade worsteds, and the Scottish 
is based on tweeds. Blankets are made in 
the Dewsbury area, and carpets in the 
Halifax district. 

This list is not exhaustive and obviously 
omits an important use of wool in the 
making of hosiery products in the Mid- 
lands. It serves, however, to indicate the 
grouping of wool textile effort — a group- 
ing that contains an extremely interesting 
range of business endeavour, “Big business” 
so readily claims public attention that we 
are apt to think of all industries as collec- 
tions of large and powerful firms with a 
few smaller ones filling in the gaps. In 
wool textile manufacture are some large 
unit businesses and combines, but most 
frequent are firms of quite modest 
dimensions. 

Originally the industry was of the 
“domestic” pattern, run in the homes of 
the people with hand labour as the driving 
force. When power-driven machinery 
took the industry from homes to factories, 
the family type of business persisted and 
many firms have preserved the family 
control for generations, resisting the 


temptation to be floated as part of large 
joint-stock enterprises. By the use of the 
“room-and-power” system in the mills a 
man may begin, and maintain, a small 
business on quite a limited amount of 
capital. From a room-and-power com- 
pany, which owns a building and supplies 
power from the engine-house, he can rent 
space or “room” and the power to drive 
his small group of machines — ^usually in a 
partitioned section of the mill. If, then, 
he takes work on a commission basis, the 
money he needs for operating his concern 
is still further limited. Many firms have 
begun in this way, and even when they 
have migrated to mills of their own, the 
strongly individualistic character of the 
enterprise has persisted. 

Individual judgment needed 

Medium scale business has been rein- 
forced by economic doctrine. It has been 
jested that the West Riding is the real 
home of the “Manchester School” of private 
enterprise and free competition. Cer- 
tainly, there has been every encourage- 
ment for the small trader and industrialist 
to “make a go of it”; and this throng of 
separate firms is unconvinced that big, 
rationalized businesses can produce wool 
goods more economically than the small 
man. We should remember, also, that 
the very nature of the raw material im- 
poses upon its users the repeated use of 
individual judgment. From a fleece full 
of grease and sandy dirt there must be won 
the clean-scoured wool that goes to 
make yams and fabrics. Estimating the 
“clean-scoured yield” of a mass of greasy 
wool is done by individual examination. 
No man cares to trust another’s estimate; 
he likes to see for himself, because the 
accuracy of the assessment determines the 
price he can afford to pay for the wool. 
It is not surprising, therefore, that the 
reliance upon personal judgment in 
valuing raw wool should run through 
spinning and manufacturing efforts as well. 




VALUING RAW WOOL 

Fig. I . London is the greatest centre of the wool industij in normal times, many thousand bales of 
wool being imported during each year. Above is seen the valuing of wool at an auction conduct^ 
at one of the wool floors of the London Dock, where such sales are regularly attended by buyers. 


From this brief review of the structure 
and distribution of the industry in Great 
Britain we turn to the more technical 
aspects of wool textile production. 

From sheep to mill 

The fleeces shorn from the sheep itself 
during the wool season (during June and 
July) are packed in their greasy condition 
by power-presses into bales weighing 
about three cwt. each. These are shipped^ 
to London where the Port Authority can 
store thousands of them, to be cut open 
and, if not previously done, inspected. 

On arrival at the mill the wool may be 
converted into woollen or worsted yam 


and cloth, according to the fibre. 

In woollen spinning, the hand spinning 
method is imitated, but worsted spinnir^ 
conforms to modem ideas of production. 
The choice of method depends to a large 
extent upon the character of the wool 
fiibres whose most important spinning 
properties, length and fineness, vary 
greatly even in fibres from the same sheep. 
Woollen machinery is designed to deal 
with fibres differing in length and fineness, 
whereas worsted machinery demands 
carefiil selection or “sorting,*’ 

The first machines used in the woollen 
system, such as the “willow® (or “willey®) 
and the “fearnought,® gradually disentangle 
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fibres and evenly distribute them through 
the batch. To ensure a good result the 
operatives must feed the machines with 
constant amounts of wool at regular inter- 
vals and guard against undue damage. 
These are the “opening processes.” 

The opened wool is then scoured and 
fed into the “card” or carding machine 
which consists of a series of revolving 
cylinders covered with numerous fine 
wire teeth or pins (Fig 2). Some 
cylinders accumulate a web of fibres and 
in turn are stripped by succeeding cylin- 
ders set close to them. During this pro- 
cess the fibres are straightened, separated 
from their bundle formation and re-mixed 
but there is no attempt to make them 
parallel in the web. From the last cylinder 
the film or web is gathered into loose 


ropes or “slivers,” each of which gains its 
first resemblance to yam, although, at this 
stage, it is weak because it has not been 
twisted (Fig. 2). 

Principles' of mule spinning 

The untwisted, partially formed yarn 
is finally shaped by the “mule” spinning 
firame, which passes the small lengths of 
web taken from the carding machine 
through certain rollers to revo ving 
spindles mounted on a carriage. As this 
carriage is moved away from the rollers, 
the strands are thinned and stretched, 
thereby increasing their length and even- 
ness (Fig. g). This process, owing to the 
twist provided by the spindle, favours the 
thinner sections at the expense of the 
thicker, so that the latter are easily 


SCOUIUNG THE RAW WOOL 

After sorting the wool requires scouring to remove all grease, sand, dirt, etc. This is accom- 
plished as shown in the above photograph bj passing it through a series of “bowls,” each 
containing a solution affixed strength. The wool is propelled through the “bowl^ bjr rows of forks. 



FEEDING WOOL INTO A CARDING MACHINE 
On arrival at the mill the wool is *^opened” bj machines which gradually untangle thejibres and 
evenly distribute them through the batch before it is fed into the carding machine, in which the 
fibres are straightened, separated and gathered into a loose rope or sliver, 

drawn out by the stretching action of the In worsted spinning, fibres are fed in 
mule frame. Each time the carriage rope-like formation through a slowly 
returns to the rollers the length of yam is revolving pair of rollers which, in turn, 
wound on to the spindle. passes them to a second pair revolving at 

This complex mechanism requires the high speed. The fibres when gripped by 
most skilled attention by the spinner and the second pair of rollers are drawn out 
his attendant “pieceners;” young boys who to form a length of material thinner than 
repair broken threads. The mule faith- that fed into the slower pair, and the un- 
fully copies the advantageous levelling broken supply of fibres presented to the 
action of hand spinning, but it has not quickly revolving rollers enables a con- 
overcome the disadvantage that spinning tinuous length of yam to be delivered, 
must stop while the yam is being wound After leaving this “drafting” process the 
on the spindle. This inability to spin and product is strengthened by a twisting 
wind at die same time is not now regarded operation. To maintain some semblance 
with favour and is partly responsible for of control during drafting, the fibres 
the method of spinning by rollers, some- must all be approximately the same length 
what similar to the worsted process. and parallel to each other, and even then 
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FROM WOOL TO CLOTH: 

Fig. 2. After die wool has been ^opened,” it is Jed to a hopper (l) which in turn feeds it at 
tegular iaterrals to the carding machioe (2), where the fibres are straightened, separaUd and 
re-mixed. From the last ^linder, th^ are gathered into strands or “slirers,” for spinning. 
Here, as elsewhere, in the drawing, parts of the machine^ are removed to reveal the process. 
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SOME TYPICAL PROCESSES 

Spinning {4) diins, stretches and twists the strands. To obtain full width oj cloth, threads are 
wound from bobbins on to the weave/ s beam ( 5 ), which is then placed in the loom (6), Dyeing 
and fulling are seen in ( 7 ) and (8), and ( 9 ) shows nap being trimmed by a nicely adjusted cutter. 
It is by such processes as these that Britain's excellent woollen fabrics come into existence^ 
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it is impossible for the fixed roller system 
to exercise the same sensitivity in level- 
ling as the twisting operation on the mule. 
This limitation of the roller drafting 
method causes worsted processing to be 
much more complex than woollen and 
the raw material must be chosen with for 
greater discrimination. 

Wool-sorting for worsted 

Wool fibres differ according to the 
breed of sheep and similar fleeces are 
grouped or “classed’’ in the country of 
origin. As previously mentioned, the 
fleeces contain varying amounts of wool, 
fat and dirt, and the prospective buyer 
must estimate the correct net weight of 
wool per bale from what is, to the layman, 
a cursory examination of an indiscri- 
minately picked handful of fibres. Unfor- 


tunately, there is usually a great variation 
in the length and fineness of fibres in 
different parts of one fleece, and for 
successful processing it is necessary to get 
together from numerous fleeces the parts 
that are similar. This selecting is known as 
“wool-sorting,” and the sorter is expert in 
dividing up a fleece by hand into the 
different lengths and qualities of wool. 

After sorting, the wool is raked through 
a series of tanks or “bowls” containing 
soapy solutions which remove the grease 
and dirt. Hot air in a drying machine 
takes away the excess of moisture and thus 
the wool is made ready for the worsted 
carding process, which is carried out on 
a machine similar in many respects to the 
woollen carding machine already 
described. In this case, the fibres are kept 
as parallel as possible. 



ROLLING OFF THE WARP 

Here is seen an operative supervising the rolling off of the warp, or longitudinal threads, on to 
the weaver s beam. The threads are drawn from the bobbins and wrapped about the beam in 
even coils, A number of beams may be required to provide sufficient warp for weaving operations. 



CARDING AND COMBING 





GETTING READY FOR WEAVING 

Fig. 3. With a dexterity horn oj long practice, this skilled mill operative draws the end of each 
thread of warp through a separate eyelet bfore weaving can commence. Daring the weaving process 
the weft, or cross-thread, is automatically interlaced between the strands of warp to form die cloth. 


Stress has been laid upon the necessity 
of regular fibre length in the production 
of worsted yam, and even the wool- 
sorting process cannot be regarded as a 
sufficient guarantee of the required 
degree of regularity. The next process, 
known as “combing,” does secure a satis- 
factory selection of long and short fibres 
and is the key to the manufacture of 
worsted yam. 

There are many methods of combing, 
all relying on the ability of the longer 
strands in a fringe of fibres to bridge a 
measured gap and present themselves to a 
pair of revolving rollers so that they can 
be drawn from the bulk. The short 
fibres, which fail to bridge the gap, are 
the rejects known as “noils.” Although 
too short for worsted manufacture, these 
are ideal for forming the leaven in the 
blends which constitute the material fed 


to the carding machines in the woollen 
system. Carding and combing operations 
are so clearly linked that one manager 
supervises both, with female labour to re- 
plenish the combs and overlookers to make 
necessary mechanical adjustments. 

In the succeeding operations, termed 
“drawing” and “spinning,” the combed 
mass of long fibres called the “top” is 
gradually drawn out to a thin yam by the 
roller drafting method already mentioned. 
The slivers are repeatedly combined and 
thinned in the machines so that irregu- 
larities tend to be distributed over long 
lengths of the final yam. Groups of 
“drawing boxes” and spinning frames are 
attended by women workers who feed 
the machines and pass the full bobbins to 
the next group in the line of production. 
An equitable distribution of the various 
types of work is ensured by an overseer. 
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who also makes the mechanical adjust- 
ments required by the particular quality 
of the wool concerned. 

From the making of yarn we may now 
turn to the creation of cloth in the loom. 
A woven fabric consists of a series of 
parallel strands of yam known as the 
“warp,” interlaced at right angles by a 
second series termed the “woof” or 
“weft.” This interlacing takes place in the 
loom which has three principal motions. 
The “shedding” action lifts certain threads 
of warp above their neighbours so that 
when viewed from the side of the loom, 
the threads resemble a V lying on its 
right side. By the “picking” action, the 
shuttle carries weft across between the 
two sets of threads thus arranged in 
shedding; and in “beating-up” the most 
recently inserted strands of weft are 
forced against those previously interlaced. 

Preparing the warp 

The warp threads required to obtain 
the full width of cloth are drawn from the 
weaver’s “beam,” which is like a huge 
bobbin and holds sufficient material for 
long lengths of cloth. The preparation of 
the warp on this beam demands the close 
attention of skilled women operatives who 
fill tall frames with numerous bobbins of 
yam, from which the threads are wound 
along the whole length of the weaver’s 
beam. The beam is ftirther prepared for' 
the loom by drawing the end of each 
thread through a separate eyelet carried 
along with hundreds of others on long, 
slender shafts used for the operation of 
shedding (Fig. 3). 

This tedious work, usually involving 
the individual handling of thousands of 
threads, is commonly done by a skilled 
man assisted by a young boy or girl. 

The warp beam is placed in the loom 
by the weaving overlooker, who is respon- 
sible for the correct running of the loom 
and also acts as adviser on weaving pro- 
blems to the weavers on the looms in his 


group. Each loom is attended by a weaver 
whose duty is to replenish spent shuttles 
with new supplies of weft, repair broken 
threads and constantly inspect the cloth 
being woven, so that the overlooker’s 
attention may be called to flaws due to 
faulty adjustment of the loom. Light- 
weight fabrics may be woven on com- 
paratively simple looms which produce at 
a quick rate; and these can be operated 
without undue strain by women weavers. 
Indeed, a weaver may attend three or 
more looms, if these are automatic. 
Heavy fabrics must be woven in sturdily 
built machines worked by men. 

The design on the cloth is obtained by 
altering the order of the interlacings of 
warp and weft in different places, and 
varying their reflection of light. From the 
designer’s point of view, looms may be 
simple or complex according to the 
number of threads controlled in one unit 
of the pattern. “Tappet” looms are used 
for simple fabrics; “dobby” looms for 
fancy weaves in which precision is 
especially needed; and “jacquard” looms 
for cases in which the pattern may extend 
several inches across the cloth. Broadly 
speaking, weavers trained to one of the 
three l^es become so specialized that 
they rarely transfer to the^ others. Even 
within a single group there are special 
mechanical features which tend to keep 
the operative to one kind of work. 

A wearisome feature of weaving is the 
continual replenishment of the shuttles, 
requiring the stopping of the loom with a 
consequent loss of production. Certain 
types of loom can automatically replenish 
tbeir spent shuttles, thus — ^providing the 
fabric structure is simple — ^permitting an 
increase in the number of looms one 
weaver can operate. This has developed a 
new weaving technique which devotes 
more attention to the repair of fiiulty 
weaving and less to scrutiny during 
weaving, because the loom automatically 
stops when threads break and an indicator 
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SPINNING WORSTED YARN 

Fig. 4. For the production of hard-wearing worsted cloths, cap spinning is the method used. 
Fibres are fed through a slowlj revolving pair of rollers and gripped bj a second pair which 
draw them out^toform a length of material thinner than that fed into thefrst. The fibres are 
strengthened by twisting. Above is seen an impressive vista of machines used for cap spinning. 

attracts the weaver’s attention. Such carefully scrutinized, and feults invisible 

intricate mechanisms call for more to the untrained eye are corrected by 

specialized skill in the overlooker, who “burlers” and “menders.” The burler draws 

must have considerable engineering ability out thick threads, opens out any knots, 

besides proficiency in the processing of and pushes loose ends from the face to the 

cloth. To run economically, automatic back of the cloth. Menders insert yam 

looms should produce long lengths of where threads are missing, 
fabric from one warp beam, thereby The three most usual ways of dyeing 
tending to mass production in design. wool are as loose wool, in tops, and in the 
As the success of a large part of the form of cloth. In the first and second 

wool textile industry depends upon the methods opportunity is taken to mix 

variety of the designs produced, the im- fibres of various colours and spin them 

portance of the cloth designer must be into “mixture” yams for use in the more 

emphasized. Besides originating new exclusive types of fabric. Such cloths 

styles, his duties in an ordinary fum may require simple treatment in finishing and 

include analysis of fabrics, emulation or are first washed in large “scouring bowls” 

imitation of the design of existing cloths, whose rollers repeatedly squeeze and im- 

and checking of fabrics in tlie loom, merse long len^hs of fabric in soap 
After weaving, each piece of cloth is solution. Cloth about to be “piece-dyed” 
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properties in combinations of 
colour, which may vary in 
comparatively short lengths of 
cloth. This technical s&ll on 
the dyer’s part allows a large 
volume of material to be spun 
and woven, and postpones the 
colouring of the fabric until as 
late as possible in the series of 
manufacturing processes: an 
important provision in view 
of rapid changes of fashion. 

Compact and full-handling 
fabrics are usually secured by 
the milling or “fulling” process, 
and the milling machine 
obtains the effect by drawing 
a length of moist cloth from a 
confined space against the 


WEAVING BLANKETS 
This close-up photograph gives a 
detailed view of blanket wearing, 
mth the woman operative adjust- 
ing her machine. See below. 


MULE SPINNING 

Fig. g. Above are mule spinning 
operations, in which the partly 
formed yarn is thinned, stretched 
and wound upon the spindle. 

must also be cleaned in this 
way, and the scourer must 
ensure the complete removal 
of oil from the yam to avoid 
complications in dyeing. It is 
possible for fibres with differ- 
ent dyeing properties to be 
woven in one fabric to reduce 
costs or imitate “mixture” 
effects by cloth dyeing. If the 
former, the dyer may colour 
the cloth to conceal differ- 
ences in fibre types. Alterna- 
tively, he may tastefully reveal 
the fibres’ contrasting dyeing 
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resistance of a weighted lid. The miller 
must prevent undue shrinkage by re- 
peatedly stopping the process and measur- 
ing the contraction of the cloth. If, after 
milling, the wool fibres do not project 
sufficiently from the body of the cloth, it 
may be necessary to lift and 
lay them systematically on the 
surface of the fabric. This 
operation, termed “raising,” 
draws the cloth into contact 
with rapidly revolving vege- 
table “teazles” or wire brushes, 
circular in form, which pluck 
and raise the fibres. 

Obviously, prolonged rais- 
ing would weaken the fabric 
and this must be avoided by 
the operative’s careful super- 
vision. The milling and rais- 
ing processes leave fibres pro- 
jecting irregularly from the 
surface of the cloth and these 
can be cropped to one length 
by a cutting machine similar 
in principle to a lawn-mower. 

The cutting blades must be 
accurately set at the required 
distance from the cloth by the 
finisher, who must also be on 
the alert to prevent damage to 
the cloth by the knife of the 
machine. TTie remaining pro- 
cesses of cloth finishing include pressing 
and brushing and steaming which slightly 
raises the fibres, thus obviating any ex- 
cessive gloss due to pressing. When 
folly “finished,” the fabric is -wrapped 
in measured folds, made into bundles and 
packed in canvas for dispatch to the mer- 
chant, and so to the world. 

An industry cannot thrive merely by 
possessing raw materials, mills, machines, 
and workers. Consumers must be found 
for the products, and the study of markets 
is a vitally important part of wool textile 
activity. Here we encounter one of the 
critical problems of the industry’s wel- 
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fare. Whereas a fashion used to run for a 
season of many months’ duration, normal 
modem life calls for frequent changes. 
This rules out bulk production of any 
particular type of cloth, and small firms, 
it is contended, can ring the changes with 


greater success than large organizations, 
to which frequent adjustments are un- 
economic. It is sometimes debated 
whether the caprice of the consumer 
should be indulged in such detail but, as 
yet, no plan (other than war-time control) 
has been devised for a co-operative limita- 
tion of styles by producers. 

Staple fibre cut into lengths suitable for 
blending with various t)^es of wool is 
being increasingly used. When mixed with 
wool, delustred staple fibre, specially treat- 
ed to be crease-resisting and to take a wool 
dye, cannot be distinguished from pure 
wool by the eye and touch of the layman. 



PREPARING FOR THE LOOM 
Shown above is a weaver engaged upon fiJhng ajraxne with 
wejt bobbins readjr jor insertion in the shuttle — one of the 
manj tasks in which women figure in this industij. 



PIECING AN END 


No detail however small is overlooked in a cotton mill. The above photograph shows a woman 
worker engaged in piecing up a broken idiread. Such precise and delicate work is especially suitable 
for jeminine Jingers, as it is essential that the knot should be very neat and the ends should be 
broken ojf very short or serious flaws in the completed material may ensue. 


THE STORY OF COTTON 
MILLS AND THEIR METHODS 

By E. OSTICK 

From plantation to mill — raw cotton to Jinished fabric. Loosening and cleaning. 
The all-important sliver: its progress to “jack roving, What the carder does. 
Drawing and slabbing frames. Spinning machines; and how weavers run their 
looms. How jour cloth is djed, bleached and printed, and how it is finished. 


W E take so much for granted. 

When most of us think of cotton, 
it is as a finished material, an 
accomplished fact, without heeding the 
miiltiple processes involved in its manu- 
facture. From plantations where coloured 
workers toil in the sunshine, to the 
weighing and separating plants ; from 
shipment to the mill thronged with busy 
operatives, and so to the product familiar 
to us — these stages escape us. Thousands 
upon thousands of useful lives are wound 
for us on to a cotton reel. 

The United Kingdom imports its cot- 
ton from Egypt, India, Brazil and many 
other parts of the world, but the largest 
proportion comes from the U.S.A., 
where it is principally grown in the south 
and south-eastern states. In the State of 
Mississippi, for example, there are 
hundreds of cotton plantations on which 
thousands of negroes work during the 
harvest. When the cotton bolls ripen these 
split open, and expose their seeds enveloped 
in white fibres ready for gathering. 
When the harvest begins, negroes and 
negresses and their children troop into 
the fields to pick the ripe cotton by hand. 
A mechanical picker is being gradually 
introduced into the cotton plantations, 
but hand-picked cotton is cleaner. 

When the cotton has been picked and 
weighed, it is sent to be “ginned;” that is, 
the fibres are separated from the seeds by 


machinery. The raw cotton is then 
tightly compressed into bales and des- 
patched by rail and sea to England, 
Finally, the bales arrive at a Lancashire 
spinning mill ; and there we meet them. 

On arrival at the mill the bales of cot- 
ton are weighed. Inspectors open some of 
them to ascertain whether the contents 
agree with the sample on the strength ot 
which they were bought. 

Vrimarj processes 

Before being spun into yam, cotton 
must be loosened, cleaned, and converted 
into a convenient form for handling. 
These processes are performed by 
machines known as “bale-breakers,” 
“openers,” “scutchers,” and “lap machines,” 
from which the cotton emerges in the 
form of a continuous flat band or “lap,” 
with the heavy impurities removed. 
Cotton yarns are usually spun from 
mixtures of cotton and blending needs 
skill. Mostly, the mixing is done by 
machine, but the advantage of hand- 
mixing is that the cotton is better blended 
and gives more uniformity in the quality 
of the yarn. In a spinning mill a consider- 
able amount of fine fluff collects on the 
machines, and if this were allowed to 
accumulate, the resultant yam would be 
lowered in quality because the machines 
would be incapable of doing their work 
efficiently. At intervals, all machines 
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undergo a thorough cleaning (Fig. i). 

After the cotton has been loosened and 
some of the dirt and grit removed in the 
opener, it is passed to the scutching 
machine which further cleans the cotton 
and delivers a lap of uniform thickness 
and weight. The lap of cotton next 
passes through the “card,” a machine that 
removes the finer impurities which were 
not rejected by the bale-breaker, opener, 
and scutcher. The carding process also 
extracts short or broken fibres, loosens 
the matted mass of fibre almost to a 
gossamer web, and then rolls it into a 
thick loose rope, called a sliver (Fig. 3). 

Drawing and slabbing 

The whole process of cotton spinning 
resolves itself into a series of drawings, 
doublings, and twistings. From the card- 
ing machine the cotton issues in the form 
of a ribbon-like sliver. Now it is taken to 
what is called a “drawing frame,” where a 
number of these slivers will be united 
into one. The drawing frame consists of 
three parts br heads, each acting in- 
dependently of the others. Six cans 
containing slivers from the carding 
machine are taken to the first of these 
heads for the formation of a new sliver. 
The slivers are grasped by rollers, running 
at varying and nicely-adjusted speeds, 
which de^ with them with a finger-and- 
thumb movement. This unites the slivers 
in one, at the same time drawing this out 
to the required length, and coiling it once 
more into a can. Six such slivers are then 
taken to the next head and the process is 
repeated. Often a third combination of 
six is made so that the resultant sliver may 
contain a 1 6 of the original slivers as they 
issue from the carding machine. To such 
automatic perfection has this machine 
been brought that it instantly stops if one 
of these light slivers should bredc. 

The drawing sliver then passes through 
a number of “slabbing frames” which 
reduce the sliver in diameter and impart 


a slight twist so that it is strong enough to 
be wotuid on a bobbin. In preparing the 
better and finer qualities of cotton yam, 
these slubbing processes require 
specialized machinery, shown in Fig. 5. 

Types oj spinning frames 

The last sliver from the slubbing 
frames is called a “roving,” or “jack rov- 
ing” when the sliver is exceedingly fine. 
The roving bobbins are now taken to the 
spinning frames where the fine roving is 
drawn out, twisted into a yarn, and 
wound up in the form of a cop. There are 
two main types of cotton spinning 
machines (Figs. 4 and 6), namely, the “self- 
acting mule,” evolved from Crompton*s 
invention (ca. 1 779), and the “ring frame,” 
developed from Arkwright’s water frame 
invented about 1769. In Great Britain in 
1928, there were sixty million spindles 
making cotton yam; in 1936, there were 
forty-five million, and in 1940, thirty- 
eight million. Ring-frame spinning pro- 
duces a greater weight of yam per hour 
than the mule. Women usually operate 
ring spindles; mule frames are operated 
by men. In mule spinning exact adjust- 
ment of the machine, constant vigilance, 
experience, skill and rapid action are 
'necessary if the best results are to be 
obtained. The operatives employed on 
the mule are men and boys, called 
“minders” and “piecers.” Each minder 
takes charge of a pair of mules working 
opposite each other. He has under him a 
“big piecer” and “little piecer,” whose 
duties are to piece (that is, to mend) the 
ends of broken threads, keep the mules 
clear of waste and gather the cops from 
the spindles. 

Temperature of the mill 

In the spinning mill the temperature 
and humidity should be correctly adjusted 
if the best yam is to be obtained from the 
cotton. All new mills are fitted with 
humidifying and ventilating appliances. 




CLEANING THE MACHINES 

Fig. 1 . Clean machines are alwajs the workers' pride — especially in a cotton mill where the nature 
of the material renders it more than ever necessary. Above, a girl is buy clearing away cotton waste. 


Not only do these appliances humidify the Throughout the cleaning, drawings 
air; they free it from soot, and thus doubling, and twisting processes, the raw 
keep the cops of cotton clean. Working material consists of short hairs or fibres, 
conditions for the operatives are also To combine these fibres into a long, 
improved by such methods, strong, and uniform thread represents a 
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FROM COTTON BOLL TO HNISHED CLOTH: 
Fig, 2. From plantation to mill, from hak-breahing to calendering, most of the significant 
processes of British cotton goods manufacture are here indicated in their order of progression. 
How the bale of cotton is fed to the hopper bale breaker, and erentaallj appears as a lap at (j), 
is shown in a drawing made spedallj to indicate the internal mechanism of the various devices. 




HOW COTTON GOODS ARE MANUFACTURED 

It is not until the lap of cotton merges that it is again touched bj human hands, Thereajier the 
cotton passes through numerous processes until it is woven into doth, which then undergoes the 
"finishing” as seen in the lower right-hand corner, undertaken by the "commission trades” 
A closer, more explanatory view of the process of printing cotton (ly) will be found on p, ijl, 

S.O.P.J. — 
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high combination of good judgment, 
manipulative skill, organization, and 
mechanical knowledge. 

As it comes from the spinning mills, 
the yarn is of two types — twist and weft. 
Twist forms the thread which runs from 
end to end of the cloth, and is called 
“warp.” The weft threads, or “picks” of 
weft, pass from edge to edge of the cloth, 
and are sometimes called “woof” or 
“filling.” Twist yam, having to bear a 
greater strain in the course of manufac- 
turing, is usually stronger than the weft. 

After spinning, the first process is that 
of winding, the object of which is to place 
a certain length of yam on the spool or 
bobbin. The operation of winding is 
simple, and is readily learned by girls or 
women. Their work consists in replenish- 
ing the yarn and piecing up broken 
threads. It is essential that in piecing the 
thread the knot should be neatly made 
and the ends broken off very short. An 
ingenious apparatus does this automati- 
cally; strapped to the hand of the winder, 
it makes the knot and snips the ends. 

Warping and sizing 

The second process in preparing the 
warp for the loom is that of warping, in 
which yams are transferred from warper^ s 
bobbins to a large flanged beam in the 
form of a wide sheet. For women, the 
work of warping is pleasant employment. 
Following the warping process is that of 
sizing, which consists in applying a paste 
to the yarn to strengthen it and enable it 
to withstand the friction and tension in 
the loom during the weaving operation. 
Some folded yams will weave quite well 
without size, but single yams for the 
warp must be sized. The work of sizing is 
done by men well organized as a trade; 
and so another process is completed. 

After sizing, the yarn is dried and run 
on to beams; these beams holding sized 
warp are now taken into the looming 
room, where the threads of the beam are 


attached to the “healds” and “reed.” In a 
loom, a heald is the guide of a warp 
thread; the reed, the device that 
separates the warp threads. Since it is 
necessary that the warp threads may be 
lowered or raised in various combinations 
to allow interlacing with the weft, each 
warp thread must be passed through an 
eye in the centre of a harness wire. The 
passing of the ends of warp through their 
proper harness wire is an operation 
requiring some skill. The actual drawing- 
in is usually performed by an experienced 
worker of either sex, who sits in front of 
the harness and is assisted by a “reacher- 
in” — a. boy or girl who sits behind the 
harness on the same side as that on which 
the sheet of warp threads droops. 

Drawing-in simplified 

Drawing-in does not demand any undue 
mental or strenuous physical effort or 
special technical ability. Nevertheless it is 
a tedious and monotonous occupation 
requiring dexterity and diligence. Of late 
years, however, very considerable im- 
provements have been made in these 
frames to render the operation of 
drawing-in less fatiguing for the worker. 
A mechanical reacher for drawing-in 
frames has been installed in many mills 
and this device dispenses with the youth 
usually employed to select the warp 
threads for the drawing-in operator. 

When the drawing-in is completed, the 
beam of warp with the healds and reed is 
taken to the loom, the various parts being 
fixed on the framework. The warq) passes 
over the back rest to the healds and 
through the dents of the reed; in the pro- 
cess of weaving the healds jerk up and 
down, forming and re-forming the “sKed” 
through which the shuttle passes. The 
weft is skewered in the shuttle, driven by 
the picking stick from side to side and 
interwoven with the warp. After each 
pick die reed drives home the new 
thread against the preceding pick. 



FROM LAP OF COTTON TO SLIVER 163 



birth of the sliver 

Fig. 3 . From the scutcher (see Fig. i, No. j), the lap rf cotton goes to the carding engine where 
the shver is formed. Above, the whole process is simp^ explained. Basis of all cotton materials, 
the sliver then goes to the drawing frame — next stage on the way towards the finished product. 
In the middle portion of the drawing, the sequence of the process must be “read” from right to 1ft. 
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SELF-ACTING J^ULE 

Fig. 4t One of the two main ^pes of spinning machine, the “self acting, mule” is demonstrated in 
this illustration. Mule frames are operated bjr men and hoys called “minder and “piecers,"^ each 
minder taking tharge of a pair of mules, with a big and little piecer to help him in his work. 


A loom requires a considerable amoimt 
of repairs, and renewals. These are 
delegated to an overlooker, usually ‘ 
called a ’“tackier,” who has ‘charge of 
about a hundred looms. If fancy goods, 
that is figured cloths, are being woven, 
then fewer looms .are under thej tackler's 
control ; if plain narrow cloths are being 
woven, the tackier may be in charge of 
1^0 looms. The tackier ’s work is to keep 
the looms supplied with warps, gait them 
up, repair or tackle the looms, and per- 
form many other essential duties. 


There are various forms of looms, and 
the appliances for making different pat- 
terns and qualities of clom are innumer- 
able. Briefly stated, weaving consists of 
three operations: (i) “shedding,” that is 
dividing the warp by lifting up certain 
threads and leaving others down to form 
the desired interlacing of the warp and 
weft; (a) “picking,” or throwing the 
shuttle between these two sets of threads 
leaving a pick of weft in the “shed (3) 
‘ “beating-up,” bringing the pick of weft up 
to the one which preceded it. The 
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SLUBBING ON THE FLY FRAME 

Fig. s- Skbbing, which reduces the drawing sliver in diameter and strengthens it bj twisUng, is 
performed on flv frames as seen above. Thus the sliver is prepared for winding on bobbins, being 
now known as a “rovinf or "jack roving.” The bobbins then go awaj to the spinning frames. 
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HNAL PROCESS IN SPINNING ^THE RING FRAME 

t ring frames are usually operated by nromen. From the ring 

fame the bobbins go for sp^Imndmg and other treatment on their way to the weaving loom assel 

m Fig. 2. How the "ag frame funaions is explained in the speclalfy prepared picture seen above. 
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shedding is effected by three distinct sets 
of appliances termed “tappets,” “dobbies,” 
and “jacquards,” which are limited to the 
formation of simple, medium and com- 
plicated designs. These are again sub- 
divided into numerous types of each sort; 
each with its own peculiar advantage to 
some special make of cloth. 

Weaving plain cloth 

In the weaving of plain cloth, the 
average weaver runs four looms, but in 
many mills provision is made for three or 
even two-loom weavers, while they are 
qualifying themselves for the higher 
number. In some north-east Lancashire 
towns, five- and six-loom weavers are not 
infrequent on narrow strong goods. The 
weaver’s duties consist of piecing up the 
broken ends of warp and drawing them 
through the heald and reed, filling the 
shuttles with weft and placing them in the 
loom as those in working become empty, 
oiling, doffing “cuts,” and performing 
simple repairs. The essential difference 
between the common Lancashire power 
loom and the so-called automatic loom 
is that in the latter, when the weft breaks 
or is exhausted, the shuttle is automati- 
cally recharged with weft and threaded 
without being removed. All that the 
weaver has to do in regard to the weft is 
to keep the magazine charged, and the 
loom will then run for some two hours, 
unless it be stopped by the breaking of a 
warp Aread. Though invented by an 
Englishman, the extensively-used auto- 
matic loom has not yet been adopted on a 
large scale in Britain. 

From the weaving shed the weaver 
takes her cuts or pieces of cloth to the 
warehouse where they are put on the 
folding machine, which hooks the cloth 
in folds of one yard. 

The cuts of cloth (marked with the 
weaver’s loom number) are then carried 
to the cut-lookers who rapidly examine 
the cloth to discover any imperfections. 


The cut-looker reports any flaws or faults 
in the cloth to the weaver, and throws out 
as “seconds” those pieces which are not 
up to the required standard. For cloth 
faults due to the weaver, such as “floats” 
caused by failure to interweave at some 
point, the weaver is “bated,” or fined, 
according to the seriousness of the fault. 
In the warehouse the cloth is made up 
into bundles ready for despatch. 

But to return to the cloth which has 
been examined by the cut-looker. If the 
goods are to be shipped in the “grey,” the 
cloth is sent to Manchester when it under- 
goes a second scrutiny prior to packing. 
Cotton cloth direct from the loom is 
known as grey cloth, because it has a grey 
or yellowish appearance due to im- 
purities. If the goods are to be bleached 
or receive some further treatment, they 
are packed, despatched by rail or motor 
lony to the bleach works where they will 
be treated in accordance with the 
instructions of the merchant or the 
shipper concerned. 

Previous to the actual bleaching opera- 
tion, the pieces of cloth are singed, that 
is, the fine projecting fibres are burnt off 
the surface of the frbric. The singeing 
operation is performed by rapidly passing 
the cloth, in open width, over red-hot 
copper plates or between rows of Bunsen 
burners. Singeing smoothes the surface of 
the cloth, thus giving it armore attractive 
appearance when subsequently dyed or 
printed. After being singed, the cloth is 
passed through a trough of water so that 
any sparks on the cloth may be im- 
mediately extinguished. The cloth is now 
ready for bleaching. 

Bleaching and mercerizing 

By far the greater quantity of cotton is 
bleached in the piece, though this can be 
done at any stage, before and after its 
manufacture. Cotton is bleached in tiie 
loose state for the preparation of absor- 
bent surgical wadding, and also for die 
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preparation of gun cotton. Yam is 
bleached for use in woven goods, for 
sewing threads, crochet cottons, laces, 
and embroideries. Cloth-bleaching is 
carried out with one or more objects in 
view: firstly, that of supplying a pure 
white cloth for sale in the domestic 
markets of the world; secondly, of pro- 
ducing a white cloth in preparation for 
the process of printing; and thirdly, of 
preparing the grey clodi so that the dyer 
can exercise his skill in colouring it in 
light, medium, or dark shades. 

Impurities removed 

The natural impurities in cotton, in 
the raw state and as yam, consist of fatty 
acids, wax, colouring matter, etc., 
amounting in all to about five per cent, of 
the material. In addition, cotton cloth 
contains the various sizing materials, such 
as starch, wax, soap, etc., previously 
added to facilitate the weaving. Bleaching 
removes these impurities and leaves the 
cloth in such a condition that it is 
capable of evenly absorbing the various 
colouring matters applied to it. 

Cotton yam and cloth are often 
mercerized, thus giving the cotton a per- 
manent silky lustre, and increasing its 
affinity for certain dyes. Cotton may be 
mercerized before or after the bleaching 
process, and cloth woven from mer- 
cerized yams possesses a higher lustre than 
that mercerized in the piece. After 
mercerizing, sewing and crocheting cot- 
ton threads are as lustrous as spun silk. 

As there is a considerable demand for 
coloured goods, the dyeing and printing 
sections form a very important branch of 
the cotton industry. The main object in 
dyeing is to ensure a perfect union 
between the material and the colouring 
matter, so that the colour will not be 
seriously affected by light, washing, or 
friction. Let us see how this is ensured. 

Cotton is dyed at almost every stage of 
its manufiicture. In the dye works are 


found specially constructed machines for 
the dyeing of loose cotton, slubbings, 
rovings, yams, and cloth. The operation 
is much more than a mechanical process ; 
success depends very largely upon the 
dyer’s care and skill. Cloth is dyed by 
immersion in a more or less heated solu- 
tion, and generally in machines which 
carry the cotton fabric through the dye 
solution at open width. In most cases a 
machine called the “jig” is used. The dye is 
mixed in a separate vessel and then added 
to a certain amount of water already in 
the jig. The fabric is circulated through 
the dye liquor until the required depth of 
shade is obtained. It is then washed, 
squeezed in a mangle, and dried. Cotton 
yam dyeing is practised to obtain 
coloured warp and weft for use in 
checked and striped patterns. Yam is 
usually dyed in the hank form and may be 
done by hand or machine; where large 
quantities have to be treated, the latter is 
the more economical method. 

In dyeing cotton, or any other material, 
the dyer must exercise good judgment. 
He must take care that the dyestuff he uses 
is completely dissolved and that the tem- 
perature of the solution is right ; he must 
mix the ingredients in the correct pro- 
portions to obtain a thorough and even 
penetration of the dye liquor. In practice, 
the dyer is expected to treat as much cloth 
as he can with as little dye possible. 

How cotton is printed 

After being bleached, many cotton 
fabrics are sent to the printing works 
where the material is impressed or 
stamped with one or more colours to 
form a pattern. Cotton prints are very 
much more plentiful than any others, and 
the process is generally known as calico 
printing, although many cottons, other 
than plain calico, are submitted to such 
methods of decoration. 

By far the cheapest, and therefore the 
most common, is the method of printing 
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BOBBINS FROM THE CREEL 

From the slubbing frame, a woman worker is removing die full bobbins of cotton slubbings, which 
are later spun into cotton jarn as shown in Fig, l, No. 11. Thejarn is then wound on spools, 
warped and sized, andfnallj woven. Creels are the frames which hold the pajing-off bobbins, 

cotton cloth by the copper cylinder or of cloth in one colour and 10,000 yards 
roller. The modem printing machine has in ten to twelve colours being printed in 
a series of copper cylinders on which the one working day (Fig. 7). 
desipn to be printed is etched or sunk. . . 

The colour p^te is carried in a box in 

which a wooden roller revolves. This in Hand block printing, the oldest and 
turn carries the colour to the engraved simplest of the various methods of 
roller, which thus becomes coated with printing on fabric, is slow and costly, 
colour. As the patterned roller revolves. Cylinder printing is preferable for designs 
the colour, except that in the etched where mechanical accuracy and delicacy 
portions, is scraped off by a blade, of detail are involved, and when pro- 

usually called a ^doctor.” The etched duction costs have to be reduced to a 

roller then comes into contact with the minimum. But block printing produces 
clotb and the colour in the engraved lines designs unsurpassed for their breadth of 
is transferred to the cloth. If the design effect and decorative value. Compared 

requires six colours there will be six with the mechanical efficiency of a 

rollers at work, and so on up to twelve or cylinder print, the rich colour obtained 
fourteen colours at a single run through from a good block print reveals the beauty 
the printing machines. The output of the of individual workmanship over the sheer 
machine is enormous, up to 20,000 yards repetitiveness of mass production. 

s.o.p.j. — ^F* 
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When designs of fine outline and 
delicate detail are required for reproduc- 
tion by block printing, coppered blocks 
may be used. These blocks are hard pieces 
of wood, usually three-ply, and about 
2 in. thick ; upon these blocks the design 
is built up in strips of copper or brass. 

This type of block is very useful for 
printing fine outlines, but gives a harder 
and more mechanical effect than that of 
the ordinary wood block. There are other 
methods of cotton printing, but which- 
ever method is used it is obvious that the 
skill of the printer is of first importance. 

Finishing processes 

Even when the cotton fabric has been 
bleached, dyed, or printed, it is not yet 
ready for sale in the market. Cotton goods 
which have been subjected to one or 
more of these operations are put through 
"finishing” processes, calculated to in- 
crease their attractiveness, to add to their 
utility, or both. Finishing is the final 
stage before the cloth reaches the con- 
sumer, unless it is to be made into gar- 
ments, in which case it is despatched to 
the clothing factory. 

Cloth development 

The cloth finisher obtains some won- 
derful effects by giving fabrics special 
characteristics as a result of modifying 
their feel and appearance. Cloth-finish- 
ing has been described as the art of cloth 
development. In some instances the work 
is slight and confined to washing, pressing, 
drying and smartening the product of the 
loom without substantially altering its 
main feature. In other instances, the 
finisher’s work is revolutionary in its 
results, and the finish gives the cloth a 
new and distinctive character. After the 
bleaching, dyeing, and printing opera- 
tions some cotton feibrics are limp and 
raggy, and methods are adopted to im- 
prove them. Cotton cretonnes are usually 
given a good coating of starch, followed 


by drying, damping, and calendering. 
Prints and shirtings are also improved to 
the touch by a starching process. Flan- 
nelettes, winceyettes, and similar fabrics 
are finished with a soft fibrous surface in 
imitation of wool. Some fabrics require ^ 
little more than a mere scratching of the 
surface; others are given a thick nap 
almost equal in effect to that which we 
find on the softest wool flannels. 

To some clotlis, a glaze or lustre is im- 
parted by calendering. Cotton sheetings, 
handkerchiefs, and table damasks are often 
given a beetled finish, that is, they are 
pounded with wooden beaters, a process 
which flattens the yams and closes the 
spaces between the yams of the woven 
fabric. Then there is the anti-crease pro- 
cess which endows cotton fabrics with 
the resilience of wool. 

^^Commission trades*^ 

The finishing trades are known as 
“commission trades;” alternatively they 
are said to work “on commission.” This 
means that the cloth, or yam, treated by 
the finishers does not become their 
property but remains the property of the 
merchant concerned, to whose detailed 
orders it is bleached, dyed, or printed, 
as the case may be, and to whose ware- 
house it is returned. 

When the manufactured cotton goods 
have been through the finishing processes 
they are sent to the shipping merchants 
for export, or to the home trade mer- 
chant for distribution in Britain. Thus, 
after having been passed through many 
hundreds of processes, the cotton fibre is 
ready in the form of threads, lace, 
hosiery, woven goods, and garments, for 
the ultimate consumer. Cotton is Lan- 
cashire’s industry, and Lancashire’s in- 
dustry is one of Britain’s greatest. It has 
been built up by the skill, initiative, and 
ingenuity of Lancashire folk who think in 
terms of cotton and take a justifiable 
pride in their traditional trade. 
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HOW COTTON IS PRINTED 

Fig. 7. Iwo methods oj printing cloth — mechanically and by hand — are fully demonstrated in this 
drawing. Though the newer method is infinite^ the swifter and more productive, traditional hand- 
block printing produces effects of an individually as yet unsurpassed in their particular sphere. 


PUTTING ON A PATTERN 





CRUMBS TO MAKE RAYON 

j^ter mercerizing treatment in a hath caustic soda, the alkali^celJuIose is subjected to 
fydraulic pressure to squeeze out surplus moisture and is then ground into crumbs, which are 
seen in the above photograph being colleaed from a shredder preparatory to being stored and 
*^ripened^ for use in closed boxes under exactly controlled conditions of heat and moisture. 
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ROMANCE OF RAYON 
CREATING NEW FABRICS 

By Arnold Hard 

Rivalling the silkworm, ^ How Rayon came into being. From wood pulp to dress 
length, “Crumbs and sjrup,^ viscose. Spinneret process explained. 

Washing and bleaching the cakes. Acetate and cuprammonium processes, 
Dejinition of technical terms. Fabrics from Rayon staple. Nylon — its possibilities. 


I T is probably correct to say that every 
man, woman and child in every civil- 
ized country wears or uses something 
of rayon every day. Most dresses, lingerie, 
sportswear and women’s slumberwear 
worn nowadays are made from it, as are 
furnishing fabrics, ribbons, smallwares 
and haberdashery goods. 

It may be described by a trade name 
such as “Celanese;'’ “Courtaulds,” “Bem- 
berg” or “Fibro by a term like “Staple 
Fibre,” or by a prefix “Spun” or “Art.” If 
one sees a fabric described as “Art.” one 
can assume it to be rayon. The “Art.” is 
an abbreviation of “Artificial Silk” the name 
coined by its inventor, Sir Joseph Swan, of 
Edison Swan fame. It must be remembered 
that he did not carry out his experiments 
to produce a new textile but to give to the 
world electric lighting. His ^rst rayon 
was nothing more than collodion, or gun 
cotton, niade into a filament by being 
squirted through a hole. When it was 
rubbed it gave off little pops. However he 
soon found ,a way of denitrating it and 
rendering it non-explosive. He made fila- 
ments’ for electric light bulbs, but the 
ladies of his household crocheted up the 
former into very attractive doyleys (the 
first doyleys so made are preserved at 
South Kensington). Electric lighting was 
conceived and rayon was bom. 

To-day rayon is made finer than any 
silkworm can produce i It is also made 


stronger than cotton, as cool as linen or 
as warm as wool. A textile in its own 
right, it is neither an artificial anything 
nor a substitute for any natural filament or 
fibre. 

What is this magic man-made thread 
which weaves richness and beauty into 
every kind of fabric? 

Cellulose for Rayon 

There are several types but the majority 
are produced from cellulose. What is 
cellulose? It is the substance of all vege- 
table tissue. The smallest blade of grass 
and the greatest forest tree contain it. 
We eat it, wear it, make from it paper, 
films, nail varnish, dope for aeroplanes, 
“Cellophane,” paint for cars and a whole 
range of moulded goods. Being a solid it 
has to be reduced to a liquid before rayon 
can be manufactured from it. 

The best cellulose for rayon is obtained 
from the gleanings of the cotton fields 
and from the second ginning of the cotton- 
seed (whereby linters are produced) and 
from fir, beech and hemlock trees. 
(“Ginning” is the separation of the cotton 
seeds from the fibre, the “linters” being the 
covering left on the seeds of some varieties 
after removing the spinnable cotton.) 

Tlie trees are felled and cut into logs 
which are stacked to season. The logs are 
cut into lengths and all dirt and bark 
removed. Powerful chopping machines 
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reduce the lengths into discs of about one 
inch which in turn are broken into chips. 
The chips are fed into digesters each 
holding from i o to 40 tons, and are boiled 
under a pressure of about 80 lbs. in a 
liquor consisting of a solution of calcium 
bisulphite with an amount of free sulphur 
dioxide. The boiling separates resins, 
gums and other impurities and leaves the 
chips looking like small white fibres. 
After further washing, scouring and 
bleaching the pulp, as it now is, is spread 
out as a thin sheet on an endless wire 
cloth and water passed through it to make 
quite sure no impurities remain. The 
wet pulp is pressed into a damp sheet 
between felt-covered rollers, and passed 
tlarough a succession of other rollers 
and heated drying cylinders, finally 
emerging looking Tike coarse blotting 
paper. It is then cut into convenient 
sized sheets and baled ready for shipment 
to rayon factories. 

Rayon-producing centres 

The chief rayon-producing centres in 
the United Kingdom are at Aintree, Bury, 
Coventry, Dopcaster, Flint, Golboume, 
Holywell, Jedburgh, Lancaster, Little- 
borough, Nelson, Preston, Spondon, and 
Wolverhampton, In the ordinary way 
wood pulp is mainly used for viscose 
rayon, and cotton linters for acetate and 
for cuprammonium, but so much wood 
pulp is required for paper making and 
other purposes that the viscose rayon 
companies are using larger proportions of 
cotton linters. 

Rayon being produced by man to 
satisfy a recognized want and being man- 
made is under his complete control to 
mould as desired. He can make it so 
strong that it is excellent for tyre febrics, 
excellent for weaving sail cloth for racing 
yachts, or, on the other hand, so 
gossamer that it exceeds in fineness the 
most diaphanous eastern silk tissue. It is 
made to be crease-resisting and with the 


characteristics of every natural textile. 

Let us follow its manufacture step by 
step by going through a viscose rayon 
factory using wood pulp. (This type of 
rayon got its name “viscose” from the 
fact that the wood pulp solution from 
which it is spun is a viscous mass, in 
appearance very like golden syrup.) 

Wood pulp from Canada 

When the bales of wood pulp arrive 
from Canada or elsewhere they are placed 
in a room kept at a constant temperature 
to maintain an even standard of moisture 
in the pulp. In rayon manufacture every- 
thing is controlled, nothing' is left to 
chance (Fig. 2). 

Rayon manufacture starts when the 
sheets are cut up and given a good bath. 
But they are not just put in a bath like a 
baby. Oh no, all the little chips after 
again being weighed, are carefully packed 
into perforated steel cradles and lowered 
into the bath, which contains a solution 
of caustic soda. The process is called mer- 
cerization after the chemist John Mercer, 
who studied the action of caustic soda on 
cotton thus inventing ways of improving 
cotton yams and fabrics in look and 
strength. The caustic soda dissolves 
everything not required while the re- 
maining cellulose combines with it and 
forms alkali-cellulose (Fig. i). 

From fir tree to ^rup 

Taken from its bath the pulp is next 
subjected to very rough treatment. Huge 
hydraulic presses squeeze out surplus 
moisture and great dough mixers (much 
like bakers use) fitted with big spiral 
blades and serrated bars grind it into 
crumbs which look for all the world like 
bread crumbs. The crumbs are ripened by 
being stored for a couple of days in closed 
boxes under exactly controlled conditions 
of heat and moisture. Next they are 
placed in chums with a measured quantity 
of carbon disulphide and churned until 



FIRST STAGE IN RAYON MANUFACTURE 

Fig. I , Pressed sheets of wood pulp are seen being removedfrom the pef orated steel cradles in which 
they have been lowered into a hath containing a solution of caustic soda. This process removes 
all impurities j and the remaining cellulose combines with the caustic soda to form alkali-cellulose. 


they turn yellow. The alkali-cellulose 
has changed to sodium cellulose-xanthate 
(xanthos is Greek for “yellow*) soluble 
in water. The sodium cellulose-xanthate 
is put into mixers with water and weak 
caustic soda and churned until it becomes 
a “golden syrup.* It has now become 
viscose. 

The giant fir tree in its* journey from 
forest to fabric has at last reached a half- 
way house at which in pioneer days, the 
viscose process was held up. 

Swan left the development of man- 
made textiles to his assistants, Steam and 
Topham, who had a little works of their 
own at Kew. They tried and better tried 
to make rayon from viscose but every 


time stopped at the halfway house because 
the “golden syrup,” refusing to coagulate 
into a thread, dropped in tears from the 
nozzle through which it was squirted. 
One day in disgust Topham walked out 
and left it. Next day he had another try 
and was surprised to find he could get 
short lengths of filament. (Actually he had 
produced staple rayon without then 
realizing it.) He left the syrup (viscose) 
another twenty-four hours and when he 
“spun” it was' delighted to discover that 
it came out in a strong endless thread 
which emitted a musical note when 
twanged. He had discovered the secret of 
the “ageing” of viscose almost by accident. 
After ageing, the viscose is meticulously 





FROM CELLULOSE TO RAYON: 


Fig. 2 . Among the most ingenious processes invented hj man is the tran^ormation oj cellulose into 
a material that has so many, practical uses. Main stages are shown in the above drawing, from the 
prima^ forestry work and preparation of wood pulp to loading of the finished rayon cones. 


FROM TREE TO FABRIC 
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SEQUENCE OF PROCESSES 

it will be seen how each process is meticulouslj regulated. Great care has to be taken to prerent 
air bubbles or dirt specks forming in die viscose, which is repeated!/ passed through dothjuters 
and subjected to ueatment by vacuum pumps b fore spinning into many types of beautiful fabric. 
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freed from any foreign substance by being 
repeatedly passed through filter cloths. 
Vacuum pumps extract any air or gas 
which may have got into it, for even the 
tiniest speck of dirt or dust or the smallest 
bubble of air would interfere with the 
amazing process which follows. 

How the spinneret works 

The silkworm produces filaments by 
forcing a solution through minute holes in 
its body. Rayon is produced by forcing a 
solution through minute holes in a spin- 
neret: a little cap the size of a thimble, 
and resembling a miniature silk hat. 
Spinnerets are usually made of a platinum- 
gold alloy and the number of holes in them 
decides the number of filaments in the 
yam. The yardage per lb. of the yarn is 
described as so many denier. What is a 
denier? It is an old weight; 33.33 = 

I dram. A length of £lo yards is weighed 
in deniers to determine the count (or size) 
of the yam. If s’lo yards weigh 50 denier 
and there were ^•o holes in the spinneret 
the yam is known as 90 denier, ^0 fils. 
But to resume: 

The viscose is pumped through the 
spinneret — in much the same way as 
water comes out of the rose of a watering 
can — ^into an acid bath which coagulates 
the filaments (Fig. 3). Each viscose 
spinning machine has a large number of 
spinnerets in a row and as the fibres come 
from them they are drawn over a glass 
wheel and dropped down by a glass fiumel 
into a rapidly revolving pot. They are 
thrown against the sides of the pot and 
wound into a form exactly resembling a 
cake with the middle scooped out. The 
diameter and speed of the pot in ratio to 
the delivery rate of the glass wheel 
determine the amoimt of twist given to the 
yam. Pot spinning is the oldest method of 
rayon producing and although many other 
methods have been introduced it has held 
its own for sixty years. Legh S. Powell 
employed it first in 1884, His pot was a 


straight jar such as sweets were sold in. 
Charles Fred Topham, who worked with 
him, made an improvement by using the 
treadle part of a sewing machine to cause 
the pot to revolve rapidly. Sometime 
back, Mr. Powell sent a letter to the 
present writer, which gives an interesting 
sidelight on the history of our subject. 
It contains this remarkable sentence: 
“The other day I was kindly invited to 
visit the Lamp works . . . Accom- 

panied by my daughter (I, after lapse of 
many a long year, she for the first time) 
saw the glossy ever-lengthening thread 
•slowly descending the tall cylindrical jar 
and coiling up. It is a fact that away back 
in the eighties the Company erected the 
building and my process has been carried 
on in it ever since.” 

The “cakes” of rayon are taken from the 
pots, washed with sodium sulphide, 
sprayed and bleached. They are then 
wrapped in stockinet, in the same way as 
New Zealand lamb, and are dyed under 
pressure. An older method, still largely 
employed, is to unwind the filaments from 
the “cakes,” re-wind them into hanks 
and dye the hanks. The extreme care 
taken in washing and bleaching preserves 
the whiteness so that yarn can be dyed in 
the most delicate shades (Fi^. 4 and 5’). 

For weaving the dyed rayon is wound 
on to beams for the warp threads and on 
to pirns (which go in the shuttles) for the 
weft threads. For hosiery or circular 
knitting it is wound on to large cones. 

In the acetate process, the solution is 
forced through the spinnerets and down 
tubes up which warm air travels and sets 
the filaments. The setting of the filaments 
by air is actually the silkworm’s method. 

Cuprammonium process 

In the cuprammonium process the 
cellulose is dissolved by the use of an 
ammoniacal copper solution. The cup- 
rammonium process was first used in 
London by Arnold Spiller. In a letter to 




SECRET OF THE SPINNERET 

Fig. 3. Viscose solution is pumped through the spinneret into an acid bath. This coagulates the 
filaments which are drawn over a glass roller and dropped bj a glass funnel into a spinning box 
where the cake of rayon jam is formed. Next, ihejarn is washed, bleached and dyed for weaving. 

the writer, Mr. Spiller gives some was to feed his apparatus with cellulose 
interesting details: dissolved in a solution of cuprammonium 

“It was in 1885^ that I produced fila- instead of zinc chloride. At the time I was 

ments by the cuprammonium process but chemist in the Company’s incandes- 

I do not claim any great credit for this, my cent lamp department, of which Mr. 
contribution to the development of rayon. Powell was superintendent. I made my 
Years before, John Mercer had dissolved experiment as a matter of interest to see 
cellulose in cuprammonium, recovering if an aqueous cuprammonium solution 
it with acid, and so when 1 made ray would produce better filaments than 
little experiment it was thoroughly well chloride of zinc, but as it did not, we did 
known that cuprammonium was a solvent not do anything more with it. It must be 
for cellulose, and I was always surprised remembered that we were making fila- 
that neither Swan nor Powell had tried it ments for electric lamps, not for fabrics, 
for their filaments. Powell had con- otherwise we might have realized the 
structed apparatus which made filaments possibilities of the bright, soft filaments 
wound up into a sort of ball and all 1 did we got. It certainly never occurred to us 




HOW RAYON IS REELED 

Fig. 4. Cakes of rayon from the spinning machines undergo many processes before the yarn is ft 
for weaving or knitting. First, the rayon goes to conditioning cabinets, where it is toughened and 
hardened, and then the cakes are unwound. Above is seen how the cakes are reeled to form hanks, 

that in a few years some of the loveliest from Rayon Staple ; Spun Rayon Fabrics, 
fabrics in the world and some of the most as fabrics made from Spun Rayon Staple ; 
delightful knitted wear would be made Spun Rayon Waste, as waste coming from 
from yam produced by the process which Rayon Staple and also from Spun Rayon 
I started so unpretentiously.” Yams. 

We have followed the production of Staples, the fibres from which thread 
continuous filament rayon from the pine is made, have ever brought Britain pros- 
forests or cotton fields to the stage where perity. First staple wool, then staple 
it is a yarn ready for weaving or knitting, cotton and now staple rayon have proved 
Before dealing with other types it is great commercial successes, 
advisable to understand exactly what they 

are. In official terminology, Rayon is Rayon Staple 

“all yam and fibres not of mtural growth Rayon Staple, which is filament rayon 
which are used for textile purposes.” cut into short lengths, can be spun 
Similarly Rayon Yam is defined as con- exactly the same as wool and cotton and 
tinuous filament rayon yam; Rayon cut to their staple lengths. Its manufacture 
Fabrics, as fabrics made from rayon yarn; is similar to that of continuous rayon up 
Rayon Waste, as waste fi-om rayon yam; to the point where the filaments are 
and Rayon Staple, as rayon staple fibre, coagulated. In the case of staple rayon a 
Again, Spun Rayon yam is yam spun large number of filaments are gathered 



POWER BEHIND RAYON 
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IN A RAYON SPINNING MILL 

Here, in a staple fibre spirudng mill, is seen the great rope drawing wheel and rope race that 
provide motive power for the machines used in successive stages of the manufacture of rayon 
material. Again, the enormous size tf the installation, which is carefully guarded ly a ystem of 
hand-rails, testifies to die “Majesty of tie Machined in our industries. 
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together in the form of a rope and cut 
to the required length of staple. 

New fabrics from Rayon 

Many new fabrics are being produced 
from rayon staple which could not be 
made with natural textiles. Mixed with 
cotton, wool or silk, an almost limitless 
range of fabrics for clothes and furnishings 
is being woven. The manufacturer who 
caters for overseas markets, vsdth their 
infinitely varied demands owing to vastly 
differing climates, has found that rayon 
staple adapts itself to fabrics of all weights ; 
masterpieces of the finisher’s skill are the 
rayon staple tweeds which bear the 
closest resemblance to woollen textures 
but which are light enough to find a ready 
sale in the tropics. 

Spun “Fibro” on the other hand, is an 
article which can stand any amount of 
rough usage ; it can be dyed fester with 
colours than wool fabrics ; it can be boiled 
and rubbed ; felting does not take place, 
nor does shrinkage. It is also mothproof. 

Outstanding qualities 

Rayon staple garments have quite out- 
standing draping qualities due to a great 
extent to the added weight and life put 
into them in finishing. They keep their 
freshness much longer; so one naturally 
asks the reason why? Rayon has a strong 
affinity for the dust particles in the atmo- 
sphere. It is exactly the same as can be 
illustrated by rubbing a piece of vulcanite, 
say, on fabric and bringing it close to a 
small piece of paper, or by the magnet 
drawing the steel needle to it; but the 
resin used in finishing the fabric has a 
strong resistant property and negatives 
that affinity. 

Rayon staple, in spinning into yam, has 
many advantages over natural textiles. It 
comes to the mill absolutely clean. It does 
not have to be scoured or bleached. It 
does not have to be sorted because all the 
fibres are of standard length. The usual 


cloud of cotton dust which hangs like a 
pall in mills where cotton is being 
combed, carded and spun, is entirely 
absent when rayon staple is being used. 

As rayon staple can be cut to any length 
of staple it can be used for many purposes 
for which natural yams are unsuitable. 
It is mixed with hairs such as goat hair 
to facilitate spinning. Casein rayon staple, 
being somewhat plastic when mixed with 
wool, gives a fabric which retains its 
pleats far better than does a fabric woven 
entirely of wool. 

Rayon is young as an industry, yet 
despite its youth it has developed to an 
extent quite unforeseen by its early 
pioneers. But if, in one sense, it has 
“grown out of all knowledge,” it is far 
from having reached its limit of utility 
and expansion in a modem world. 

How Njlon is made 

Nylon is quite different from rayon 
produced from cellulose as its base comes 
from gas works and ammonia plant. 

The essential starting materials are 
phenol (carbolic acid) and ammonia, 
which are converted in the chemical 
factory into the two products adipic acid 
and hexamethylenediamine. These are 
delivered to tiie rayon fectory in the 
form of a “salt.” 

The first stage of production is the con- 
centration of the salt and its conversion 
into a rough resinous substance. This 
conversion is carried out in a heated pres- 
sure vessel — ^such as an autoclave. The 
material is melted, and afterwards spun 
and dravm. The removal of the material 
from the autoclave is a fairly complicated 
business, because it is viscous and approxi- 
mately between only 10 and 20 deg, C. 
above solidification temperature, and this 
rules out the possibility of taking it to the 
spinning machines through a piping 
system. In one process the stuff is made 
to emerge from the autoclave in the form 
of a ribbon. This ribbon is taken over a 
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SORTING AND GRADING RAYON STAPLE 

Fig. 5. Ajter they have been bleached and dried the hanks of rayon are sorted and graded by 
women workers into qualities, as is seen in the above photograph. The shaft in the roof is part oj 
tfie air-conditioning plant, which ensures the requisite amount of humidity. 


cooling drum, and as it passes round the 
drum is sprayed with water. Alterna- 
tively, the ribbon may be taken through a 
•trough of cooling water. Anyway, after 
being cooled the ribbon proceeds to a 
dryer. Later, the material is punched out 
into little pieces, and then melted in a 
heated chamber in which there is a coil or 
grid. The flakes melt when they come 
into contact with the grid. The next 
item is spinning. In one process the 
material leaves the heated chamber in the 
form of a liquid thread which is passed 
through a cooling chamber. After this the 
thread goes through a cell into which a 
wisp of steam is fed. Directly afteryvards 
it comes into contact with a finish- 
applying roller, and then proceeds to 


feed-rollers and bobbins. As may be 
expected, the draining and air venting of 
the steam equipment used in the processes 
have an important bearing on efficient 
manufacture and is carefully supervised. 

Uses of Njlon 

The uses to which nylon can be put are 
multitudinous. It is immensely strong. 
For instance, the tow rope of the first 
Atlantic glider train from Canada to 
England is a nylon rope only one inch in 
diameter. But this is not all, and apart 
from fiibrics for clothing, threads for 
stockings, bristles for brushes, grades for 
mixing with wool and silk, all of which 
are in use to-day, further experiments will 
carry the product into other fields. 





MAJESTY OF MODERN INDUSTRY 

In this exterior view oj benzole scrubbers is powerfully ^holized the might and majes^ oj 
modern industrj. It is in such scrubbers that gas is washed and debenzolized ; the benzole being 
recovered and refined to make motor spirit. In such wise are valuable by-'products rescued. 
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POWEK AND HEAT 
FOR HOME AND FACTORY 

By Graham R. BAMBER, B.Sc. (Hons.), A.M.LMech.E. 

From coal to electricitj and gas. The first step — coal analysis. How electricity^ is 
produced. Majesty of the machines. "^Cathedral-like calnf' of mighty founts of 
energy. From control to operative — men on the job. Gas — how it is made and 
cleaned. Retorts and their function. Valuable by-products. A gasworks to-day. 


W HEN Mrs. Smith lights the gas 
stove to cook the breakfast, Mr. 
Smith stokes up the kitchen 
boiler, and Master Smith turns on the 
news, the Smith family are probably 
much too preoccupied to bother their 
heads about the long chain of human 
labour that has made these simple tasks 
possible. Probably, too, when Mr. Smith 
arrives at the factory for his day’s work, 
he pays little heed to the lighting, the 
building heating, the power to drive the 
machines, the gas for the furnaces, the 
steam for the boiling vats, or any of the 
essential services of a modem factory. It 
is all so easily taken for granted, and the 
only time when Mr. Smith is likely to 
display any interest in these matters — 
unless they happen to be part of his job — 
is when he is worried by a temporary 
“failure” of any of these services. 

So let us go back to the beginning. In a 
sense, it is a black beginning, for Britain’s 
power and heat are founded on one in- 
valuable commodity — coal. Oil, the rival 
fuel, has, of course, the monopoly of road 
transport, but coal remains the foxmda- 
tion of Britain’s power and heat. 

The first thing that we discover is that 
there is coal and coal; so visiting a large 
electric power station, we cannot do 
better than ask the chief chemist about 
this question of coal analysis. 

“The chief trouble,” says he, “is to get a 


really representative sample to analyse. 
You know, Mr. Smith, how much coal 
varies, even in a single delivery.” 

He takes us to the coal wharf. A coal 
barge is lying alongside, and a grab crane 
is transferring its contents to a large 
hopper. From the hopper the coal falls 
to an elevator by which it is taken to the 
top of the boiler house, where it is dis- 
charged to a row of bunkers located just 
beneath the roof and forming the entire 
ceiling of the boiler house. At the foot of 
the receiving hopper,, a scoopful of coal is 
taken every few minutes and put in a bin. 
When about a hundredweight has been 
collected, it is put through a crushing 
machine and broken into pieces about a 
J inch in size. It is then mixed evenly 
together, subdivided, and about lo lb. 
of it taken out. These are dried, ground 
to a powder, mixed, subdivided, and 
about 4 oz. taken out from which samples 
are removed for analysis. 

3 ,000,000 units daily 

The boiler house superintendent tells 
us that the power station bums about 
1,400 tons of coal in a day. “We are 
carrying a load of about 130,000 kilo- 
watts at the moment, and we turn out 
about 3,000,000 units a day.” We enter 
the boiler house and, except for a low 
rumble of niachinery, we find the peace 
of a cathedral. 
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HOW ELECTRICITY IS PRODUCED: 
Fig. I, above, shows a epical turbine houses where electricitj^ i5 generated hj steam turbines, 
to numbers: i, superheated steam pipe from boilers; 2, mam valve governor; 3, high- 
pressure impulse grlinder; 4 , intermediate impulse (^linder; 5, double-flow low pressure y Under, 




100,000 KILOWATT TURBO-ALTERNATOR 

Continuing f we have: 6, steam passing over the water tubes of the condensers; 7* water 
circulating though the condensers; circulating water inlet pipe; p, circulating water outlet 
pipe; 10, water control valves ; 11, closed circuit air cooling ^stemfor generator ; 12, slip rings^ 
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Apart from a comfortable warmth there 
is little to indicate the presence of several 
colossal fires ; but when our guide draws 
back a small flap in the side of one of the 
boiler casings we behold an inferno. The 
grate is medianical and is slowly carrying 
the fire to the back of the furnace. As this 
happens, fresh coal falls on to the grate 
from the hopper in front of the boiler, 
and ash falls over the back of the grate to 
an ash hopper in the basement. The coal 
supply is varied by altering the speed of 
the grate. Air is supplied by powerful fans. 

Kunning the boilers 

Here and there a man is standing 
quietly, glancing now and then at the large 
instrument boards one of which is placed 
near each of the boilers under his care. 
A fireman explains that his first duty is to 
see that his boilers supply just the right 
amount of steam however the load on the 
station varies. A pressure gauge has to be 
Jcept at the required pressure and a steam 
meter shows how much steam the boiler 
is producing. Some modem boiler plants 
are controlled automatically, and this 
relieves the fireman to attend more fully 
to his supervisory duties. Then again must 
coal be burnt economically, and instru- 
ments check Combustion. 

Instructions on that point come from 
the combustion engineer who studies the 
coal analyses given him by the chemist. 

How long is a boiler allowed to run? 
“We usually take each boiler off the line 
every three months for sooting and give it 
a complete overhaul every twelve months. 
To put a boiler back into service we like 
to take about twelve hours to avoid tem- 
pel^ture strains, although we can bring it 
up much quicker if we are in a hurry. 
Some power stations fire their boilers by 
pulverized fuel, and they can get a boiler 
on the line in four hours if need be.” 

“Now we’ll get hold of the station 
superintendent,” resumes our guide. 
“He’s the chief, of course,” The station 


superintendent rings up for the shift 
engineer to conduct us on our tour. “The 
shift engineer,” he explains, “is in charge 
of the actual running of the station during 
his shift, and you may find him anywhere, 
from the coal wharf to the switch house,” 

Our new friend the shift engineer takes 
us down to the turbine house — ^a vast hall, 
peaceful as the boiler house, except that 
the low rumble of machinery has swollen 
to a deep-throated roar from the mighty 
turbo-alternators ranged down the length 
of the hall (Fig, < ). “These sets are 
rated at ^o,ooo fclowatts each,” says the 
shift engineer; “that’s 67,000 horse- 
power, Of course, they’ll take an over- 
load; we can turn out well over 300,000 
horse-power all told if we want to. Oh no, 
there are quite a few sets bigger than 
these. London has some 100,000 kilo- 
watt sets.” At first sight the turbine house 
seems unattended, but history repeats 
itself, and we discover an overalled figure 
contemplating a boardful of steam gauges, 
and a second examining a thermometer on 
one of the turbine bearings. These are the 
turbine drivers. 

We adjourn to the control room. The 
ceiling consists of a large lay-light; a 
switchboard extends down the whole side 
of the room. Further switch panels occupy 
the ends of the same room, and one or 
two panels are on the back. The switch- 
board attendant sits at a desk adorned 
with telephones, and fills up a logsheet of 
meter readings given him by his junior. 
This is the nerve centre of the power 
station. Here are four generator panels 
controlling the four turbo-alternators. In 
front of each panel is an engine-room 
telegraph, those for Nos. i , 2 and 4 sets 
pointing to “on load” and that for No. 3 
set to “shut down.” Then come switch 
panels for transformers, inter-connectors, 
grid feeders, and, finally, for a host of 
main feeder cables taking power to all 
parts of the city, as is indicated in the 
specially made drawing in Fig. 2. 
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BOILER HOUSE IN SECTION 


A section of a coalfudled boiler, such as raises the superheated steam necessary to drive the 
turbines illustrated on pages l86-l8j, is shown above. Coal supply, which is drawn into the 
furnace by means of a moving grate, can be regulated automatically as the demand Jor steam varies^ 






TO CONSUMER 

In insets at tfee top left and bottom right of the drawing are given closer details of the carrying 
towers or “pylon^ which carry die cables over vast tracks of the countryside ; and of the circuit 
breakers, here cut away to show various details, not otherwise visible, of the internal mechanism. 
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Along the top of the switchboard is a 
giant circuit diagram, the switch symbols 
of which set themselves as the respective 
switches are operated. 

This is not strictly a switchboard but a 
control board ; the actual oil switches are 
in the switch house just behind the 
control room, and they are remote- 
operated from the control board. We 
take a peep into another great aisle filled 
with strange-looking steel giants which 
are the oil switches. The switchboard 
attendant’s work is largely a matter of 
watching the load, seeing that it is 
properly shared between the generators, 
keeping a log of all important readings, 
and being ready to act at once in the event 
of an emergency. The frequency of the 
alternating current has to be kept at £o 
cycles per second, but this is looked after 
largely by the ^id control engineers, who 
also give a station a schedule of the load it 
must carry hour by hour during the day. 
An operation requiring the utmost care is 
switching a generator on to the line when 
the turbine driver has got it up to speed. 
The voltage of the incoming machine has to 
be adjusted until it is the same as that of the 
main supply, and its electrical alternations 
synchronized with those of the supply. 

^Pick up 10 megawatt^^ 

At this moment a buzzer sounds, and a 
panel bearing the words “Pick up i o mega- 
watts” lights up on a separate board at the 
end of the room. The attendant acknow- 
ledges it by pressing a button, and then 
goes along the generator panels touching a 
knob here and there. Instrument needles 
creep up; the station is taking over a 
further lo megawatts — 10,000 Idlowatts 
— of Britain’s electrical load. “That’s 
from the grid area control room,” our 
fiiend explains. It is suggested to us that 
our inspection of Britain’s power supply 
would be incomplete without visiting the 
Central Electricity Board, so having 
obtained the necessary introduction, we 


present ourselves at the head offices of the 
Board, where arrangements are made for 
us to visit the national control. There a 
staff of engineers analyses records, esti- 
mating the nation’s demand for electricity 
throughout the following day. This 
estimate is condensed into a schedule of 
loadings for each of the seven areas, and 
in due course is passed to the national 
control engineer in the control room. 

Area control centrei> 

Our next journey is to one of the area 
control centres. Here there are two 
adjoining control rooms, one controlling 
the electrical, loadings throughout the 
area, and the other supervising all the 
switching operations. In the load control 
room two engineers are sitting at a large 
desk facing a wall diagram showing all the 
transmission lines in the district. Long- 
distance meters let into this diagram show 
the load carried on each of the main lines. 
One of the engineers is estimating the 
load for the day and allocating the neces- 
sary generation among the power stations 
in his area. Each power station is given 
advance information of the loading it will 
be expected to carry during the day, and 
the control engineers modify these in- 
structions from moment to moment as the 
necessity arises. 

We pass to the switching control room. 
This is circular, and a coloured diagram of 
the area grid system showing every switch 
and every grid line covers the greater part 
of the wall surface. Each switch has a code 
number, and the switch symbol can be 
rotated by the finger to “on” or “off.” An 
engineer is issuing a permit over a tele- 
phone for a certain line to be switched out 
for servicing. Every switching operation 
in the area has to be sanctioned by the 
control engineer. 

Now let us look at that other great 
industry with which this chapter is con- 
cerned — ^Britain’s widespread gas in- 
dustry. Let us obtain an introduction to 
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CHECKING THE QUALITY OF GAS 

Bjr daily analysis a check is kept on the composition of evolved gases to ensure efficient operation 
of the plant. Both the quaky of gas and the method of its production are constantly studied in the 
laboratories so as to maintain a high standard and to search for improvement. Only by constant 
carerand supervision can the gas, which in the first stages is a thick, brown smoke, be tran formed 
into the \lean” household variey that burns clearly, without odour. 

S.O.P.J. — G 




PROCESSES IN A MODERN GASWORKS: 
Fig. 3. Ftom the above drawing may be followed in their usual sequence the processes which take 
place in a ^ical gaswoihjrom the reception of the rast quantities of coal, often brought bj canal 
or river, to lie giisholdersfrom which domestic gas is distributed at even pressure into the mains. 



HOW BY-PRODUCTS ARE RECOVERED 

Coal is heated in retorts forming gases and vapours that are volatile, and coke which is later 
discharged from the retort when the gases have been driven ojf , The gas is passed dirough the 
successive stag^ shown above to remove the mai^ impurities and recover valuable by-products. 
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DISCHARGING HOT COKE 

In a gasworks, women operatives watch hot coke being discharged Jrom a retort in a horizontal 
retort house. To an accompaniment of fgmes and steam, the coke is quenched in water ; and a 
chaige of fresh coal is placed m the retort, where, in its turn, it is coked to produce our gas. 
Special drawings demonstrating how such retorts actually function are given in Figs, 4 and 


the gas engineer and manager of a large 
provincial gas undertaking. He explains 
that his undertaking has to cover three 
main activities: gas-making, the distribu- 
tion of gas to consumers, and showroom 
and consumer-service work. He himself 
is in ultimate charge of all these activities. 

How retorts operate 

Routine control of gas-making is in the 
hands of the assistant gas engineer, who 
explains that three types of retort are 
commonly used in gasworks: the hori- 
zontal, continuous vertical, and inter- 
mittent vertical. The horizontal and the 
continuous vertical retort are the more 
usual. We enter the horizontal-retort 
house, and find ourselves in a long 


corridor one side of which is formed by 
the battery of retorts. It appears as a brick 
wall about 10 ft. high festooned with 
semi-circular iron doors about 2 feet 
high and arranged in four rows one above 
the ojther. Each retort is a chamber with 
a flat floor and an arched roof, about 
2 ft. wide, 20 in. high and 20 ft. long, 
with a door at each end. The retorts are 
built in “benches” four or, in some 
installations, five retorts high and two 
wide, and as many benches as are 
required are placed side by side to form 
the batteiy we see. Each bench of retorts 
is heated by producer gas generated from 
coke by a producer built into the base of 
the setting, and the gas from the coal 
charge in the retort is taken off by two 
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stand pipes leading off from the retort 
roof, one near each end door (Fig. 5-). 

About the difference between coal gas 
and producer gas, our guide remarks that 
if coal is heated in a closed retort it distils 
off a high-quality gas, known as coal gas, 
along with a series of by-products, leaving 
behind the solid residue known as coke. 
But if this coke is now put into a pro- 
ducer, ignited, and given a restricted air 
supply, it will itself be converted into a 
much lower-quality gas known as pro- 
ducer gas — ^not good enough to feed into 
the public supply, but quite suitable 
for heating retorts. 

Our attention is drawn to a large 
machine, mounted on rails and travelling 
slowly down the length of the battery. In 
it an operator is sitting, presiding over a 
group of electrical controllers. At each 


retort he opens the door, and after 
signalling to a doorman at the rear of the 
battery to open the rear door, he starts a 
motor which drives a steel ram into the 
retort, pushing out the hot coke before it. 
The coke falls on to a conveyor and is 
quenched by sprays of water. All the 
retorts in a horizontal row are dealt with 
in this manner, after which the charging 
machine and the rear doorman return to 
the far end of the row to charge the 
retorts. The rear doorman holds a shield 
a few inches inside the retort, and a fresh 
charge of coal is inserted mechanically 
from a hopper on the charging machine. 
When the bottom row of retorts is being 
discharged, the rear doorman opens a 
hopper leading to the producer, and the 
discharged coke falls straight into this 
hopper. On the top of the battery a man 



HOW A HORIZONTAL RETORT IS HEATED 

Fig. 4. Producer gas (of a quality not suitable for domestic consumption) obtained from coke 
beats the batteries of horizontal retorts. The hot coke from the retorts is pushed out of each retort 
hj a steel ram and falls on to a convyor belt, the retort being then recharged with fresh coal. 
On the next page is given a full section of a horizontal retort, of which the above is the base. 
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SECTION OF HORIZONTAL RETORT 

Fig. 5’. This section oj a horizontaTretort house shows in detail how the batteries of retorts are 
charged hj a machine travelling on rails and controlled hj electrici^. As the fresh coal is 
rammed in the coke is simultaneouslj ejected at the other end of the retort, 

is occupied in cleaning the standpipes of retorts to regulate the charging magazines 
each retort after it is discharged, and in and see that the coal flows freely ; a second 
the basement another man is attending to man below the retorts drops the coke 
the producers. into a wagon and wheels it away; a third 

The continuous vertical retorts are attends to the producers (Fig. 6). Inter- 
chambers about 10 in. wide, 4-9 ft. long mittent vertical retorts are somewhat 
and 2^ ft. high, into which coal is con- similar to continuous verticals; no 
tinuously fed at the top and coke machinery is required for charging or dis- 
continuously discharged at the bottom, charging — gravity does the work. 

Very little labour is required to operate Whatever the type of plant, the 
these retorts as they are virtually auto- , assistant gas engineer has to determine the 
matic. A man is stationed at the top of the charging schedule and the temperatures 



BY-PRODUCTS RESCUED 


and pressures that must be held at various 
parts of the plant to obtain the best 
results. In this he is ably assisted by the 
shift foreman, an experienced practical 
man who sees that conditions are main- 
tained as desired. He also receives valuable 
assistance from the works chemist, who 
watches conditions throughout the entire 
gasworks. 

Bj-product plant 

Our guide now takes us forward to the 
by-product plant. He explains that the 
gas as it leaves the retorts is a thick brown 
smoke such as we get at home when we 
put overmuch fresh coal on the fire — 
containing many substances which can be 


199 

removed to form a valuable series of by- 
products. First the gas is passed through 
coolers in which tar is condensed. The 
liquid tar is shipped to a tar distillery 
where it is split up into a variety of 
chemicals forming the basis of a bewilder- 
ing range of valuable commodities. 
Working in conjunction with the coolers 
are machines known as exhausters, which 
suck the gas out of the retorts and pump 
it through the by-product plant. After the 
tar condensers the gas is washed with 
water to remove ammonia, the resulting 
liquor being sent to a chemical works for 
preparation either as liquid ammonia or 
as sulphate of ammonia (Fig. 3). 

The next stage is the removal of sulphur 



FRESHLY LOADED RETORTS 

After the retorts have been recharged, the coal is pushed back from the mouthpieces oj the retorts 
and the doors closed. This process is known as %acking up.^ Above is seen a woman operative 
backing up^ one the middle retorts, from the open mouth of which gush flame and smoke. 
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one of the most troublesome im- 
purities, “Many people think that a gas 
fire dries the air in a room,” declares our 
guide. “In fact, the burning of gas forms 
steam which moistens the air. The dryness 
in the throat that some people experience 
is due to old-fashioned stoves, etc., as we 
attach great importance to removing all 
the sulphur we possibly can.” He then 
shows us a group of enormous boxes 
filled with iron oxide, which absorbs the 
sulphur. The oxide purifiers are the 
only part of the by-product plant requir- 
ing much attendance, and even this is only 
required periodically. There is a by-pro- 
duct attendant, in charge of the whole of 
the by-product plant, who watches the 
gas pressures in the oxide boxes, tests the 
gas for sulphur, and, as necessary, alters 
the rotation in which the boxes are used. 
When a box is completely exhausted it is 
opened, and a gang of men dig out the 
spent oxide and refill the box, the spent 
oxide, now containing nearly half its own 
weight of sulphur, being sent to a sul- 
phuric-acid works. We now pass on to 
the naphthalene scrubber, where naphtha- 
lene — the substance of which moth balls 
are made — is removed, and thence to the 
benzole recovery plant, the crude benzole 
being sent away to a benzole refinery. 

“Not gasometers y please!” 

The gas 'is now clean, and after being 
cooled and dried is passed through the 
station meter in the valve house, where a 
valve-man controls the delivery of the gas 
to the gasholders (“Not gasometers, 
please!” our guide insists) and to the 
mains. In the valve house is an important 
item of equipment known as the gas 
governor, regulating the gas pressure in 
the public mains. If the gasworks is inter- 
connected with other works, the valve- 
man also controls the connecting mains 
and is in charge of the boosters — 
boosters being machines that pump the 
gas through these mains. 


A gasworks supplies not only gas but 
also a valuable commodity known as coke. 
We see the coke-grading plant, where the 
coke is passed through screens — ^mechani- 
cal sieves — to sort it into various sizes. 
The various sizes fall into separate 
bunkers, from the bottom of which they 
are carefully sorted into sacks. 

From works to consumer 

Our next task is to follow the gas on its 
journey from the works to the consumer. 
For this purpose we must needs return to 
the head office to meet the distribution 
superintendent, who explains that he has 
to watch the demand for gas throughout 
the supply area, assess probable future 
demands, and decide the size and location 
of mains to carry the required supply. 
This applies more particularly to exten- 
sions, but it may be necessary on occasion 
to enlarge or duplicate an existing main 
that has become inadequate. It is part of 
his duty to see that the distribution 
system is maintained in good order. He 
has men going the round to empty water 
from syphon pots and check gas pressures, 
and he keeps mobile gangs for repairing 
mains, laying extensions, and putting in 
service mains for new consumers. 

Consumer service is a cardinal policy 
of the gas industry. Specially trained 
fitters are maintained to inspect and 
adjust consumers* appliances, make 
repairs, and install new appliances. Al- 
though the domestic market is vitally 
important, a tremendous amount of gas 
is used commercially and industrially. 
Much work in this direction has been 
done by the British Commercial Gas 
Association, and a number of the larger 
cities have Industrial Gas Centres. A 
staff of industrial gas engineers is main- 
tained to advise factory managements on 
the installation and operation of gas 
appliances. Our guide also mentions Sie 
gas showrooms and the very important 
work of the appliaince makers. 
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VERTICAL RETORTS IN SECTION 

Fig. 6, i 5 shown above, the continuous vertical retort requires little labour, being virtually 
automatic. A man stationed at the top regulates the charging of coal, which is eventual^ 
discharged as coke into waiting wagons at the bottom. The retort is about 2Sft. high. Other 
men superintend the charging of coke into producer-gas apparatus which heats the retorts 


S.O.P.J. — G* 



SPIRIT OF BRITISH AGRICULTURE 

Powei^ullj Steering orer the stubble^ this farm tractor and its alert-looking driver are ^mholic of 
the new spirit of British agriculture which, whilst preserving the best of traditional principles if 
husband^, has introduced scientific research and management and modem, labour-saving 
machine^ into the production of food to feed our people. 
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BACK TO THE LAND 
MODERN FARM METHODS 

By ‘‘Agricola” 

Britain sjarming policy. Increasing soil fertility and theyield of the land. How 
the modern farm is planned to ensure a balanced production. Crop rotation and 
care of the soil. Carrying out sowing and harvesting. The art and purpose of 
ploughing by tractor and horse. Prevention against insect pests and diseases. 


O F all Britain’s industries none is 
more vital to her very existence 
than agriculture. To the towns- 
man, it has been all too easy to view “the 
country” as a beautiflil effect. Age-old 
farmsteads, grey churches warmed by the 
sunshine; a pattern of furrows on a down- 
side; wind ruffling the tree tops and 
waving the com: in art and romance such 
things have a valuable place, but the 
farmer (with his own sense of values) 
knows the meaning of the pattern and 
judges the signs. He is the technician on 
the spot, the man who is using the land. 

The Second World War ■ brought a 
pledge to British farming and one unique 
in its history. In November, 1940, the 
Minister of Agriculture announced that 
the Government had decided to guarantee 
that ,tlie existing system of fixed prices, 
and an assured market, should be main- 
tained during the period of hostilities and 
for at least one year thereafter. The 
Government declared further that it 
recognized the importance of maintaining 
after the war a healthy, well-balanced 
agriculture as an essential and permanent 
feature of national policy. 

It is important to stress how vital it is 
to maintain the labour force in the in- 
dustry. Apart from the national minimum 
wage for agricultural workers — ^in itself 
an enormously important matter involving 
considerations which must be passed over 


here — ^any permanent policy designed to 
effect and maintain a prosperous country- 
side must make adequate provision for 
housing requirements and rentals placed 
upon an economic basis. 

The National Farmers’ Union has 
decided what it considers to be the mini- 
mum figures, under “mixed farming,” 
which will maintain soil fertility and 
produce an economic output from our soil 
in peace-time. Their figures (obviously 
subject to revision) are: Tillage acreage 
(excluding all leys) 11,000,000 acres, 
including 2,2^0,000 acres imder wheat; 
potatoes, 600,000 acres; sugar-beet, 

400.000 acres; fruit and vegetables, 

800.000 acres. Livestock: dairy cattle, 
3,5-00,000; other cattle, 4,000,000; 
sheep, 20,000,000; pigs, 3,750,000; 
poultry (holdings), 60,000,000. 

Bef and milk requirements 

From the 3,500,000 dairy cows which 
will eventually be kept in this country, 
somediipg like 1,7^,000 bull calves will 
be produced annually and from them 
must come a large part of our beef supply. 

Britain has an ideal breed in the dairy 
shorthorn to meet these post-war require- 
ments. It produces good quality milk on 
home-grown produce at as low a cost 
per gJlon as any other breed. It lends 
itself to the system of out-wintering, or 
wintering in open straw yards. 
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THE MODERN FARMER 


Thefour-fumw plough will tun over a field for next jeai's crop in a fraction of the time taken 
bj the horse-drawn plough. Combine drills distribute fertilizer and scatter new seed in one 
operation; while the ingenious combine harvester speedily cuts and threshes the ripened crop. 
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Though small in size, Britain possesses 
an unexampled range of soil and climate 
and for this reason our farming is the most 
varied in the world. Com production, 
and stock rearing, market gardening and 
dairying, large-scale mech^ization and 
small holdings, flourish side by side. Agri- 
cultural machinery, shown in Figs, i and 
2, has made Britain capable of producing a 
very high yield and h^ made it necessary 
for the farm worker to add a knowledge of 
machinery to his traditional skill. 

The farm to-day is planned to ensure 
alternate husbandry and its result will be 
to increase rather than diminish the ar- 
able acreage and to place still more 
reliance upon mixed systems (Fig. 4). 

Crop rotations must be observed more 
than ever. There are so many rotation 
variants that it is impossible to place them 


all on record. For instance, the rotation 
which produced the 1945 champion crop 
of British barley was a two-course rota- 
tion of barley, sugar-beet and barley once 
more. This crop was grown on fields at 
Bridgnorth, Shropshire, sloping fairly 
steeply to the west. The seed was sown in 
March and no fertilizers were used, only 
the goodness that was left in the soil by 
the previous crop of sugar-beet. To 
maintain fertility on this light land — 
miles away from the sea coast — ^a flock of 
1 20 ewes and their followers were kept. 

If one quotes an example of a typical 
rotation, a clear idea of what it means, 
and how it lends itself to the present 
system of com and root culture and 
keeping the land clear, is obtained. 

At all times, in peace or in war, the 
British farmer has been compelled to 



RECORD CORN CROP 

To produce the food needed hj Britain's millions, a greatly increased acreage has come under the 
ploughing-up poliy. The mo young men shown in the above photograph are cutting part of a 
record corn crop on pne of Britain s largest farms. 



THE SOIL 


207 


* * FEEDING * ’ 



COMBINE HARVESTER 

bailing over the undulating farmland with something of the grace of a ship, this great combine 
harvester, which gathers, threshes and delivers the ripened grain in sacks in one comprehensive 
operation, is seen with its crew after an afternoons harvesting. 


practice varipus rotations of crops to suit 
the special circumstances' of differing 
districts; even of diflFering farms. 

Wheat, generally, is grown in rotation 
with other crops, although there are 
some notable instances Where this crop 
has been grown on the same land year 
after year for research and demonstration. 

Cleaning the land 

Taking the Norfolk, or four-course 
rotation, as our example, it commences 
with a root crop, usually swede turnips, 
manured with phosphates, and, where the 
land is light, potash. This crop cleans the 
land and gives food for sheep and cattle. 

Part of the roots are left on the land and 
are eaten by sheep during the winter. 
These roots, however, are neither satis- 
factory nor suitable as a complete diet for 


sheep ; they must be supplemented by hay 
or a concentrated food, rich in nitrogen. 
In peace-time, it is usually linseed cake. 

Sheep retain only one-tenth of the nitro- 
gen provided them and thus nine-tenths of 
the nitrogen of the roots, hay and cake 
consumed, go back into the land. Further- 
more, the treading of the soil, in a wet 
condition, provides a firm seed bed for 
the following crop (Fig. 3). 

The rest of the roots, grown in this first 
case, are gradually fed to the cattle being 
fattened for beef. Here also are the roots 
supplemented by hay, straw and cake. 
Straw from a former crop is utilized as 
litter. It soaks up the excreta of the feed- 
ing cattle and this valuable farmyard 
manure is kept for future use. 

When the sheep have consumed their 
portion of the turnip crop, they are 



AIDS TO AGRICULTURE 


Fig. 2. lllustTuted above is a JiiTther selection the mechanical devices used in laTge-'Scals 
faming. The lajing of drainage pipes and lifting of potatoes are two tasks which have previouslf 
taken a considerable expenditure of time and energy ^ hut now with the use of appropriate machine^ 
can be accomplished as efectively and far more quickly than manual labour could achieve. 




MACHINES AND THE FARMER 



AND HOW THEY WORK 

Not only die cropping, but the planting oj vegetables can be facilitated by the use of machinery, 
shown above is the working of the cabbage planter, which sets theyoung plants with automatically 
correct spacing, and the potato planter, capable of setting three furrows of seed simultaneously,. 
With the wholesale adoptio:^ of such ingenious devices as these began a new agricultural era,. 
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MILKING BY MACHINE 

Cleanliness is theMj^ote oj milk produaion and modern dairj equipment is designed to avoid 
possible milk contamination. Above is seen a power-driven mechanical milker in operation, Workr 
ing da the suction principle it milks several cows at once, the milk being drawn off through tubes. 


disposed of as mutton. The knd is then 
ploughed — not too deeply — and the sur- 
fece soil is pulverized by harrowing until 
a smooth seed bed is obtained and barley is 
sown early in spring. 

Clover and grass seeds are sown among 
the barley in order that they may secure 
a firm root whilst the barley grows and 
ripens. In autumn the barley is harvested. 
The clover and grasses develop during the 
autumn and winter and the result is a hay 
crop the following summer. 

Towards the end of June the men 
harvest it and its aftermath makes reliable 
autumn grazing for sheep and cattle which 
have to be fed during next winter. 

Farmyard manure, produced during the 
period of cattle feeding in the previous 
winter, is next loaded up and carted on 


to the clover land. With the approach of 
a rainy spell it is ploughed in and a seed 
bed for wheat is prepared. 

This wheat should be sown as soon as 
possible after the end of September so that 
the young plant may establish itself in a 
soil still reasonably warm and before 
winter frosts set in. 

Harvesting usually takes place in 
August, The wheat stubble should be 
ploughed in the autumn and again in the 
spring, and when the time comes to sow 
the roots the land has been “cleaned” to a 
great extent. 

That is the story of the complete four- 
course rotation, with all the advantages it 
brings to the soil, farm stock and crops. 
By this system also the farm workers 
distribute their labour over the year. 


FOR NEXT year’s CROP 
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Each crop comes on to the same field 
only once in four years. This rotation 
makes appeal in areas where rainfall is 
deficient. Advice as to other essential 
fertilizers to be used should be obtained 
from the county agricultural executive 
officer who has full information. 

How the plough is used 

Ploughing is the principal act of culti- 
vation in preparation for any crop. 
Ploughs are made for a variety of purposes, 
but essentially the plough consists of a 
stout beam which makes a curve at the 
rear, the point of which forces its way 
through the ground, and a side sheet of 
metal called the *^ould board” which 
turns aside and inverts the loosened soil. 
The beam is continued behind the curve 


so as to form a steering or guiding handle, 
and wheels are often attached to the fore- 
part to make the running steady and to 
regulate the size and depth of the furrow. 

Considerable skill is called for in the 
ploughman’s craft. It is not only necessary 
to plough a straight furrow; the plough- 
man must be able, by adjusting the pres- 
sure on the handles, to deal with the 
variations in soil heaviness, which occur 
in every field. In fact the art of holding 
the plough is a nice question of balance, 
the pivot being those parts of the body 
and breast of the plough in contact with 
the ground. 

These remarks apply to a horse-drawn, 
man-handled plough. In the case of 
tractor ploughing the setting is rendered 
constant by the fixing of the plough to the 



MODERN PIG-KEEPING 

Tigs have die undeserved reputation of loving dir^ surroundings, but actualfy th^ thrive best when 
kept in clean, well-tended styes on the Danish principle, an example of which can be seen above, A 
sow is rooting in the foreground, surrounded by her latest litter, of which she produces two a year. 





„ SHEEP HELP PREPARE FOR 

HG. 3 . first-class crops can only be produced when thefertili^ of the soil is renewed by the 
rotation of crops and adequate manuring. Sheep hare been turned oat on to this Epical Norfolk 
pasturage, and the soil is now ready to be broken by the plough and sown for next year’s corn crop, 
ertilization of the soil by this natural means is not only economical but highly prodactire. 



A BUMPER CORN HARVEST 

Cattle will wt graze on land on to whidt sheep hare been prenomly tamed out, although sheep 
are able to maintain themselves on the grass 1^ bdund bj cattle. Tbejlock in the above photo- 
graph are aoss-bred SuJoHs—a valuable utili^ tppe that provides mutton as well as ^ool. 
One of the charaaeristics of this popular breed oj sheep is their blackfaces and black legs. 
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HARVEST VOLUNTEERS 

Harvesting is a time when the farmer and his men are bu^from early morning to dusk gathering in 
the crop while the fine weather lasts. It is also an opportunity for city workers on holiday and school 
children to lend a hand at the unskilled work, as is shown by the ypical scene reproduced above. 


dractor. But there is a danger here. The 
old-time ploughman could tell whether 
the resistance factors involved in the 
setting of the plough were properly pro- 
portioned to the job in hand. 

With a powerful modem tractor there 
is a risk (in default of the capable hands of 
the ploughman) of a maladjustment 
passing unnoticed. A wrongly adjusted 
plough takes more effort to pull than it 
should with a consequent wastage of fuel 
and mechanical effort. 

Some striking calculations of the waste 
of effort and fuel by wrong plough-setting 
hate been made. One eminent firm of 
plough-manufacturers even estimated that 


so apparently small a thing as a rusty 
mould-board will require iS^ per cent, 
of extra effort and use up two additional 
gallons of fuel in an eight-hour day. 

Hallmarks of good ploughing 

The functions of the plough are: To 
turn over the soil exposing it to the action 
of the elements (every gardener knows 
how important is the action of frost, sun- 
shine, etc., after digging); to bury the 
stubble, weeds and other vegetation ; and 
to provide a rudimentary drainage system 
for excess rainfall. 

Points to look for in good ploughing 
are therefore: Furrows straight from end 


WAR AGAINST PESTS 
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to end; uniform depth of ploughing; African importations of the Friesian, 
complete burial of all weeds and other Gradually forging ahead out of its 
vegetation, and all dung if present; uni- native East Anglia is the Red Poll, a 
formity without breaks or depressions of genuine dual-purpose milk and beef breed 
the tops of the furrows. whose offspring can win prizes at both 

All common field crops are subject to fat stock shows and dairy shows on the 
attacks from insect pests. No fewer than merit of their beef carcases and their real 
five pests of this kind will, if permitted, butter-fat milk, 
attack barley; wheat is subject to three 

such visitants; oats to three; beans to Britain's wonderful cattle breeds 
two; cabbage and rape to five; peas to The white-faced Hereford, which has 
three; potatoes to two; mangolds and made friends because of its proved beef 
sugar-beet to three, qualities in many new countries overseas, 

Great Britain has twenty-four distinct still provides the prime beef in the Mid* 
breeda of cattle — ^milk, beef, and dual lands and west Midlands of England, 
purpose. In numbers, the Shorthorn, where soil and weather conditions suit 
through its dairy type, is the strongest die breed. 

breed in the country. Ranking next is that Devon has two breeds — ^the deep red- 
voluminous milker the British Friesian, skinned beef cattle of the northern end of 
a breed built up of Dutch and South the shire and the heavy yielding butter-fat 



LDPTING SUGAR-BEET 

Sugar-beet has become one of the most valuable crops to the farmer^ Above is shown the beet 
being lifted from the soil in autumn bj means of a beet lifer, which is adjusted to work at any 
required depth. Other ingenious machines exist to top die roots either before or after lifting^ 
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t: Ai L 1 1. 1 . ^ ^ TYPICAL BRITISH 

Mg. 4 . Al±ough the lajout and size of a British farm varies considerablj according to the district 

and^pe offaming suitable to it, the above drawing gives an impression of the layout of a medium- 
si^ farm. From it maj be seen the amount of work that is necessary during the summer months, 
when the farmer and his farmhands must be “on the job” from the crack of dawn until nigh fall. 



WELL-BALANCED FARM LAND 
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FARM IS PLANNED , ^ 

Well-balanced use of the land is shown in the scene above. The wheat crop is m process of bang 
aathered in by a tractor-drawn combine harvester; while roots and potatoa are clearing the land 
to the right if the drawing, and also providing valuable winter fodder for the catde and pigs, 
furnishing an important addition to the produce of the farm and manure for use on the fields. 
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producing South Devon, found in great 
numbers in that part of the county. 

Sussex (beef), Wales (beef and milk), 
Aberdeen-Angus (beef), Galloway (beef), 
Ayrshire (milk), the Highlands (bee^, 
and Lmcolnshire (dual purpose)— each 
has its local breeds, proved through the 
years to suit their own immediate areas ; 
but the Ayrshire, because of its heavy 
milking yields, has pushed its way not 
only over the lowlands of Scotland but 
even into Sussex, Berkshire, Kent and 
Essex. 

Increasing in numbers’ in the west of 
England, the south-west and the Home 
Counties, is the Guernsey; and retaining 
an affectionate hold upon farmers in 
many parts of the country are the Long- 
horn, Belted Galloway and the Blue 
Albion. The last-named, like the Lincoln- 
shire, is of Shorthorn type, having a blue- 
roan coat, whereas the native cattle of 
Lincoln are a self-red and primarily very 
heavy milkers. They will also feed up into 
an excellent carcase of beef. 

Wool and mutton 

There are no fewer than thirty-five 
breeds of long and short Woolled sheep in 
Britain, for hill, downland or lowland 
pastures. Their names indicate their suit- 
ability for their localities, but some of 
them have travelled very far from their 
place of origin. The Suffolk and Oxford 
Down, for instance, have gone to Scot- 
land; the Oxford Down, Hampshire 
Down, South Down, Shropshire Cots- 
wold and the two Dorset breeds have been 
exported in considerable numbers to 
overseas countries engaged in building up 
their sheep stocks, along with the larger 
breeds, Romney Marsh, Lincoln and 
Leicester. 

Wales has five varieties of sheep within 
her borders; Devon has four, including 
the Dartmoor ; and there are other breeds 
peculiar to Cumberland, Lancashire, 
Wensleydale and elsewhere. Scotland’s 


sheep breeds run to about a dozen. 

Britain’s pigs have fifteen different 
varieties and for commercial purposes, for 
early pork and streaky bacon, the changes 
can be rung a hundred ways. Most 
popular as pure breeds are the Large 
White, the Berkshire, Essex and Wessex. 
Wales and Ulster have their own breeds ; 
so too have Cumberland and Gloucester, 
and in Tamworth there is one of England’s 
oldest and best pigs. 

Of farm-working horses, the Shire 
Clydesdale, Suffolk and Percheron fill the 
fanner’s bill as the ideal farm- working 
horse and the foundation of the trade in 
street-working geldings. There are fifteen 
breeds of light horses and ponies, many 
thousands of which are bred annually 
on farm holdings and some of which play 
a part in the labour of the farm until they 
are sold at auction or to private buyers. 

Men who work the soil 

Enough has been said of the broad 
principles of farming to show the immense 
changes which have come about during 
the past fifty years. These include a new 
conception of the duties of the farmer and 
of farm workers. 

The modem farmer, be he master or 
bailiff of a group of ferms, or of a small- 
holding run with the help of his son, has 
become a highly scientific technician, 
relying on scientific principles. 

As to the farm workers, increased 
educational opportunities plus the advent 
of the machine into the world of agri- 
culture have changed the stolid, inar- 
ticulate ploughman, shepherd, or 
teamster of thirty years ago from a type 
to an exception. Farm workers of to-day 
are conscious of their craftsmanship and 
have won much better conditions. 

But for all this change, the man who 
works the soil has retained his belief in 
its virtues. As season succeeds season and 
he sees the timeless working of nature he 
can but achieve a calm and sober faith. 
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HAND-MILKING 

With her pal end traditional three-ksged stool the milkmaid is up at the cra^ oj dawn 

Tb£n W duties. Hand-milhng been largelj displaced mechanical ^Ihng dences 

which perform the task in half the time, but on some .smaller farms with only a few cows, 
wH^e ^the necessary equip Jt has not been installed, the older method is smU employed. 




LOWER away! 

Advances are being made id speed of construction and this has been helped by the use of large 
stones in place of small ones. Mechanical devices now place diese correctlj and obtain the same 
result in one operation which formerlj took much time and labour. The photograph reproduced 
above shows how a large stone slab is lowered by overhead crane down to the waiting workmen. 


220 



BUILDING PROGRESS 
ORGANIZATION THE 
KEYNOTE 

By Alfred C. Bossom, f.r.i.b.a., m.p. 

Wide range oj new media. Concretes^ pressed metal and plastics. Steel frame 
construction and hollow-tile usage. How concrete comes ready -mixed to the job. 
New and old methods cf piping. Advantages gained from assembling pr fabricated 
units on the spot. How time and progress schedules make for orderly working. 


B ritish building to-day is the result 
of developments all down the ages 
and, as the various changes have 
taken place, we can trace the prototypes 
of the homes, offices and factories in 
which we live and work. 

The investigator is first impressed by 
the wide range of new media, especially 
the many forms of concrete, toughened 
glasses and plastics. Concrete, usually 
consisting of Portland cement, sand, 
gravel or broken brick and stone, nowa- 
days forms not only the basis of our 
foundations, but, when cast in slabs, 
erected in blocks or poured between 
wooden shuttering or metal moulds, is 
often used for floors, walls, partitions, 
roofs and even for fire-proofing. Floor 
slabs are sometimes made out of cinder 
concrete of which coke breeze or ashes 
forms the aggregate. This was possibly the 
beginiung of the new range of concretes 
alluded to as being mixed with “light 
aggregates.” The light aggregates include 
pieces of burnt clay mixed with sand and 
cement, or a metallic foam produced 
from molten metal upon which water is 
suddenly dowsed, causing it to expand 
greatly. Then there are the aerated con- 
cretes in which bubbles of air are formed 
to make it light and sound-proof; the 
particularly heavy concretes, solidified by 
being spim or vibrated violently to ex- 
clude ali air and water; and other con- 


cretes with special abrogates for wall 
treatments which can be hammered or 
chiselled to look like a sort of stone. 

The different types of glasses used for 
windows and those applied to walls to 
protect the plaster from splashes, are 
gradually being replaced by new materials 
known as plastics, some of which are 
transparent and can be either light, heavy, 
fire-proof or inflammable: in fact, an 
entirely new range of substances whose 
possibilities are only just being investi- 
gated. Given consistent progress, it may 
be expected that such extensive^develop- 
ments will take place in the plastic in- 
dustry as will enable us to have, if not 
houses themselves built entirely of such 
materials, at least interiors fashioned 
largely from them. 

Modern construction 

One of the main modem elements ol 
construction is the fire-proof terracotta 
block or hollow tile (Fig. 4). 

Where partitions were built of wooden 
Studs, lath and plaster, they are often 
now made of these tile blocks with a layer 
of plaster applied on either side. Such 
partitions are fire-proof and it is not un- 
common for a fire to bum itself out in 
one room so constructed without spread- 
ing. The same applies to floor and wall 
construction. Terracotta blocks can be 
lodged in between the steel beams and so 
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form the structural part of the floor, 
while walls built with brick or stone 
exterior layers are often lined with 
terracotta blocks. This forms a weather- 
and fire-proof construction and is, at the 
same time, much lighter in weight. 

Almost without exception outer walls 
were in the past of heavy brick or stone 
construction, when not of timber or 
wattle-and-daub. Latterly, however, a 
frame of steel has steadily grown and 
advanced in popularity. This is made of 
beams rolled out in all sorts of sections — 
H, L, T — to which plates are either' 
riveted or bolted. Where steel columns 
or stanchions are used, they are frequently 
protected against the risk of damage by 
fire by being enclosed in a layer of two, 
three or four inch terracotta blocks as 
has been described above. 

Electricians part 

This brief survey of newer elements 
which have so revolutionized building 
methods during the last few years cannot 
be left without touching on electricity 
which has, in turn, introduced to the 
home new forms of heating, lighting, 
cooking, refrigeration, vacuum cleaning, 
ironing, washing, sevs^ing and so forth. 
Its installatipn into premises necessitates 
a special form of insulation to prevent 
fires, and bendable pipes made of 
spirally wound metal are frequently used. 

The great majority of parts going to 
make up a structure are made in factories 
— doors, window-frames, closets and cup- 
boards. On this principle we have what is 
popularly known as prefabrication or 
“pre-assembly” (Fig. 3). This method, 
diready in being, is capable of great expan- 
sion. On the same principle, practically 
every ingredient that makes a building 
may be completed in some workshop or 
fectory and brought to the site ready for 
assembling; thus enabling all construc- 
tion work, if properly^ organized and 
supervised, to be completed without 


delay. Nowadays, mortar is brought to 
the job ready mixed; lighter concretes 
used on big jobs can be supplied from 
some central factory, where they have been 
scientifically prepared, being thoroughly 
mixed in revolving metallic drums while 
in transit to the job on hand. 

Accessible piping 

For the last hundred years lead pipes 
have been used, joined with what is 
known as a “wiped joint,” i.e., hot solder 
wiped round the pipes where they meet. 
Though this made a perfectly good joint, 
it proved difficult if things went wrong, 
for the pipes themselves were in the walls. 
These difficulties are no longer with us for 
lead pipes with their wipe joints are fast 
disappearing and pipes are either ot 
copper or, preferably, of wrought or 
“black” iron. Nowadays, measurements 
are taken of where the pipes will have to 
go; they are cut to these lengths, have 
screw connections fitted away in some 
factory, and only have to be brought to 
the site for fixing with the necessary 
screw unions. The advantage of the new 
system is that in the event of anything 
going wrong, fittings can be taken out and 
new sections put in. 

Building units 

To turn to building units going into the 
interiors of buildings: entire sections can 
now be made in factories. The essential 
fittings of a kitchen can be fixed to one 
side of a wall, and on the other side of 
the same wall can be fixed the essential 
fittings of a bathroom. Attached to this 
section of wall on the kitchen side would 
be the range, refrigerator, sink and so 
forth, and, on the bathroom side, the 
bath, w.c. and wash-basin. After bringing 
this section with its attached fixtures and 
standing it in place, it can be bolted to 
the surrounding struc^re, about five 
pipes for hot and cold water and ’‘vaste 
connected up, electricity and gas also 




REINFORCING WALLS WITH METAL 

In the above photograph maj he seen metal reii^orcement applied to wall construction. This 
method gives an inaeased ratio of strength to thickness, and the consequent saving of valuable 
space on the outside walls makes more available inside the completed building. The ^aracteristic 
scene illustrated shows work in progress on an important dvic building in the provinces. 
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Goimected up— you have a completed an intricate procedure. If the structure is 
bathroom and kitchen fully equipped and of a large and complicated type, no less 
installed in about two to two-and-a-half than thirty-two trades, each with its own 
hours k a single comprehensive opera- separate group of mechanics, tools and 
tion. The erection of a modern building is materials, have to play their part. Even a 



WORKING TO SCHEDULE 





simple agricultural cottage requires over 
a third of this number and, in every 
instance, the architect should prepare 
drawings clearly illustrating what task 
each particular trade will have to do. 

S.O.P.J. — H 


BRICKLAYERS TAKE OVER 
With the framework in place, the bricklajers are 
working on their pan of the job. In erecting such 
a building thir^-two trades may be involved. 

Such an undertaking is properly worked 
out on what is termed a “time and progress 
schedule,” indicating the date on which 
each trade on a job is to commence, each 
of its intermediate stages, and the date of 
completion, so that all concerned can 
know when their particular part of the 
work must be ready and can estimate the 
number of mechanics needed at any 
particular period. Our good builders are 
thorough and most of them work out 
graphs of the progress of their work, but 
very few do this before the work starts on 
the site, few define the time when each 
group of tradesmen should enter upon the 
work, when the material they will need 
must be delivered, etc., so that the entire 
building fits like a jigsaw puzzle. 

Let us now take a minor cottage as a 
basis for discussion and briefly scan the 
various operations. After selecting and 
approving a site, the top soil containing 
vegetable matter is removed and the area 
to be occupied by the building staked out. 
If there is no cellarage, the foundation 
lines are then marked and trenches are 
cut to a depth of about two to three feet 
below the level of the cleared site. At the 
bottom of each trench is deposited a layer 
of concrete made of cement and sand, and 
broken stone, broken brick or gravel, to 
a thickness of six tq nine inches, accord- 
ing to the height and weight of the walls. 
The width, determined by the bearing 
strength of the soil, would be about two- 
and-a-half times that of the wall to be 
built upon it. This concrete foundation 
makes a sort of beam all around the site 
so that the walls cannot move from the 
position in which they are originally 
erected. When this concrete slab is set, 
assuming the building is to be a straight- 
forward brick construction, layers of 
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brick, double the width of the wall to be 
superimposed, will be laid and stepped 
back, course by course, until they are the 
width of the wall itself. The object of this 
is to make a spread foundation which will 
distribute the weight. 

Making a ^^damp course^^ 

The wall itself is carried to a certain 
height above the finished level of the 
ground, and at this point is introduced a 
damp-proof course (Fig. i) taken right 
through the wall so Aat no dampness 
from either inside or outside can soak 
up past it. Thus no moisture from splashes 
or by capillarity can be sucked up into the 
wall, rotting the floor beams and saturat- 
ing the plaster and other inside treat- 
ments. The damp-proof course is made 
of lead, slate or other materials, such as 
bituminous felt, carried right through 
idle wall to prevent rain or dampness 
penetrating through the general surface 
of the wall above. Sometimes the wall is 
built in two layers with an air-space 
between. 

At an appropriate level, ground floor 
beams of about i ft. 3 in. to i ft. 6 in. set 
centre to centre are installed and run from 
wall to wall. For a long span they often 
rest on “sleeper” walls — low supporting 
walls built in between the main walls to 
cany these floor beams. As the wall con- 
tinues to be built, it has to be kept square 
and plumb so that it is strictly vertical. 
Doors and windows are usually brought 
to the job in their framed and are set in 
the walls ; and the brickwork is then built 
up to them. Where the wall is, hoi low, 
burnt brick earth, terracotta tiles or 
metal distance pieces hold the two thick- 
nesses of wall together. As the wall is 
built, in it should be left channels or 
chases in which plumbing pipes, electric 
wiring tubes and water pipes can be 
placed later on. 

Below the ground floor there should 
be, and usually is, a layer of rough 


concrete on either side to protect the 
beams and floor itself against fungus, 
dampness and rot setting in. In well-built 
houses or cottages there should be a 
double floor over the beams: first a layer 
of rough boarding and then a finished one. 
The rough or under flooring is used by 
the workers to walk on in finishing the 
building whilst the finished floor is put 
down later. 

Internal partitions may be of wooden 
studs about 2 in. X 4 in., placed i ft. 
6 in. — 2 ft. 6 in., and centred vertically. 
To these are nailed on either side rows of 
wooden laths upon which there will 
ultimately be two or three coats of 
plaster — a rough coat, a scratch coat and 
a finishing coat. The same lath and plaster 
treatment is applied underneath the first 
floor beams to form the ceiling. Doors 
and their frames are set in these partition 
walls as the partitions are built. 

First floor ceiling rafters are placed 
across the building to rest on the parti- 
tions and, when this level is reached, a 
wooden wall plate is placed on the inner 
face of the wall from which is erected the 
sloping roof timbers. These vary in size 
according to the span they have to cover, 
but are seldom more than two inches 
thick and five to seven inches in depth, 
and reach up to the ridge piece. The roof 
joists are held in rigid position between 
the wall plate and the ridge, and to them 
are nailed either diagonal or wooden 
strips to carry the roofing itself. 

Good mortar essential 

There are a hundred different ways of 
doing almost any of the work in con- 
nection with a building of this sort, but it 
is imperative that the brickwork shall be 
carried up between the ends of all beams 
and roof timbers, so that there shall be 
no spaces left for draughts, or' where the 
wind could lift the roof off. All brick- 
work sjiould also be well flushed with 
good mortar made with cement, for it 



getting ready for the concrete 

The above pbotoaraph gives a rery clear impression of the sequence of work involved in reinforced 
concrete balding. Workmen are shown ying the horizontal “distt^ce pieced to the upright 
metal supports with wire. Wooden shutter'ing will presently be erected and filled wiA liquid con- 
aeu in due course to be dismantled when the concreu has set hard. Thus do such structures grow. 
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HOW A HOUSE IS BUILT: 

Fig. I. Step Ij step, we see the growth of a iouse— cot of^^prefabricated"* type, but of ordinay 
brick. Even the erection of a simple house demands — or should demand — car ful planning and 
skilled handling in every detail cf its construction. Gone for ever, it may be hoped, are the bad 
old days when houses were too often cheaply “run up” without recourse to a qualified architect. 




FROM FOUNDATIONS TO ROOF 


Above, the normal development oj an average two-storey home from the plans to putting on the 
rooj tiles is traced in a series oJ stages. Koofing, glazing and wiring, however, do not complete 
the work as plastering and general interior decoration have still to be carried out in all details, 
b^ore the building is rea^ to receive its fast occupants and become a centre of family life. 
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has been proved that buildings of cement 
stand shocks infinitely better than those 
finished with the old-type lime mortar. 
The bricks themselves should be hard and 
should have almost a metal ring when 
struck with the mason’s trowel. 

“Struck” or “pointed^ 

It is better for the mortar between the 
bricks to be carried out to the face of the 
fork and “struck” as the bricks are laid. 
This means either running the trowel 
along the edge of each course, or using a 
jointer between each course in order to 
compress the edge of the mortar and 
render it as waterproof as possible. In 
the majority of cases, the system adopted 
is to leave a space which is “pointed” as 
the scaffolding is finally taken down and 
the brickwork cleaned. This probably 
makes a neater job but, scientifically, is 
not quite as good as the other method, 
though each can give full satisfaction if 
skilfully handled. 

With regard to the tiles or slates which 
form the covering of so many roofs, it is 
usual to place at the bottom, just against 
the gutter, what is called a “tilting fillet” 
to cause each tile to bed itself against the 
layer or course below as closely as pos- 
sible, so making the roof weatherproof. 
A similar fillet is applied on the top 
where, before the tiles or slates reach the 
ridge, there is another small fillet to 
throw the top edge of the top course up a 
little and make it, in turn, bed itself more 
firmly upon the course below. By this 
means, the roofing material forms a 
slightly concave surface, and the top of 
the ridge is treated with a semi-circular 
covering tile bedded in cement. Or a 
sheet of lead is carried over the ridge and 
under the slates or tiles, and on this a 
circular, roll-like ridge-piece of wood is 
nailed; then, on this again, another piece 
of lead is beaten so that water falling on 
the juncture at the top of the roof cannot 
possibly enter the building. 


Where it can be afforded, glazed tiles 
are, of course, preferable on die walls of 
bathrooms and kitchens, though plastics 
are beginning to be used in ever greater 
quantities. Plastics in sheets can be satis- 
factorily applied to kitchens, bathrooms 
or corridor walls ; in other words, 
materials unaffected by damp, heat, wear 
and tear are imdoubtedly preferable on 
surfaces where such conditions are 
prevalent. Where there is a lot of 
splashing, ordinary wooden floors are not 
considered suitable but, if wood is used, 
it is better to have a heavy linoleum cover- 
ing; or even. better still, tiles laid on 
cement form a very suitable flooring. 
When the floors are down, connections 
for electricity or gas, and appropriate 
picture moulds and skirting boards are 
fitted ; but these should be fixed to plugs 
installed prior to the plastering. 

Where there are chimneys, however, 
great care has to be taken that they are so 
jointed up that no sparks can work 
through brickwork crevices and set fire 
to nearby roofs or floor beams. There is 
‘not now the same number of fireplaces in 
a house as at one time, and more and 
more places are being heated by elec- 
tricity, gas or water, while the time may 
not be fer distant when continuous hot, 
as well as cold, water will be supplied to 
the great majority of our houses by the 
municipal authorities of the area. 

Tressed metal and plastics 

With the ever-widening use of pressed 
metals, we may expect many new types 
and forms of built-in furniture in this 
medium as well as fashioned from ply- 
woods, plastics, etc., which will in the 
majority of instances form part of the 
original house. 

There is a great need, which is steadily 
being met, for rooms to be soimd- 
proofed. This is done by applying various 
wall plasters or boards of an aerated 
fibrous material, or of aerated concrete 



METHOD AND MAN 



CONCRETE MDCER 

Fig. 2. Though lighter conaetesfor big jobs can he supplied from some central facto^, and 
mixed in revolving drums while in transit to the site, the mixer on the spot remains a familiar 
feature of many building operations, such as is seen in the above picture of cheeiful ^cienty, 

made by a chemical process in which the prevent to a large measure the passage of 
water in the material is separated into noise, a detail of considerable importance, 
its component parts of hydrogen and Practical endeavour has shown that 
oxygen to form bubbles in the concrete, the shell of the home itself can be con- 

thereby making it a sound-resisting structed more on the basis of an ice-box: 

febric. Then is followed the same sort the skeleton, side panels, top and bottom 

of procedure as that followed for the all being of insulated materials so that 

hollow exterior brick walls, for the air room temperatures can be regulated just 

spaces, though not creating vacuums, as desired. Draughts, al^yvays a great 
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ONE WAY OF BUILDING A FACTORY: 
Fig. 3 . Factories can be built in more than one waj,from the *^Jlatted” to those in simple bajs. 
In erecting such a Jactoij as that seen above, prefabricated frame units of reiiforced 
concrete are brought to the site and there placed and bolted in ^position, before the brick outer 
skin is applied, metal windowframes are inserted, and roofing and ventilators put into place. 


TO HOUSE THE MACHINES 
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REINFORCED CONCRETE AND BRICK , , , r 1 • . L 

By such means con a factory he swifij and sntdj constructed, though prefabn^on can be 
carried much further than U shown in the above relatively modest example, which has been 
desianed and pictured specially for the present book under expert architectural supervision. 
Nou how die repetitive design of Ms factory makes it capable of almost limitless expansion. 


S.O.P.J. — H* 
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difficulty, can now be overcome by intro- shops and remarkably good results have 
ducing appropriate weather-strips around been obtained under these abnormal con- 
exterior window- and door-frames. Also ditions, but at what a cost in toil and 

there should be another strip projecting sweat on the workers* part! In the 

into the brickwork from the back of the latter half of the 2 oth century this will no 
wooden frames, which should be firmly longer be .excused or justified. Other 
cemented in so that there is no through countries have faced this problem with 
joint behind either the door- or window- marked success and, by employing some- 

frame, or through the door or window, thing like what is now known as the 

- “flatted” factory, better results could be 

Flatted factories obtained in Great Britain. 

Many of our factories, employing to-day A “flatted” factory is somewhat similar 
from lo to 200 workers, have grown up in principle to a series of flats, and a 
in the backyards or in residential pro- number of different firms can occupy the 
perty. Frequently ordinary domestic same building. Such a structure is, 
houses have been converted into work- usually, approximately six stories high. 



AT DIZZY heights! 

IVoTk on a stmctme does not necessarilj cease with its completion. Maintenance map hare to be 
considered. Above, for example, a painter is seen at work on exposed ties of steel that, widt 
periodical repainting, are capable of a long life. Often suih tasks demand a rerj cool headi 



HOLLOW TILE USAGE 

Fig. 4. In frame construction, the lighter the building or walling materials, the less substance 
is required in the frame itself and the less weight is placed upon the foundations of the building. 
At the same time, new treatment of bricks provides much better sound-proofing and heat insulation^ 

It is built on a steel frame, fire-proofed firm prospers or Vsrlien other tenants 
and has the “sprinkler** system. It provides move out, without wastefully cramping 
adequate working accommodation, is workers and equipment alike, 
well lit with natural light on all sides, When such arrangements become more 
is equipped with good heating, ventila- universal, they will undoubtedly go far 
tion and sanitary arrangements and has its towards improving the health of opera- 

own freight and passenger lifts, with rest tives, increasing output, and reducing 

rooms for the staffs of the vario'us con- costs ofmanufacture and overhead charges, 
cems it happens to house. Indeed, if not They will, therefore, aid in maintaining 

actually making work a pleasure, these our standard of living which will only be 

advantages certainly obviate a great deal possible if we can sell our goods abroad 
of neecfless and wasteful drudgeiy. at a feir competitive price as compared 

with those of other countries. Such 
Health and progress results can only be achieved under the 

Such a building can be equipped with very best working conditions possible and 
all the necessary machinery and tools, it behoves British industrialists to study 
and, being freed from sub-dividing parti- their workers to the best of their ability, 
tions, it allows for expansion when a in the interests of all concerned. 




A GREAT TRADITION 

Carding on Caxtons craft, with dijerent methods, majbe, hut in a full sense of participating in 
a great tradition, this stereo^per examines the mould he has just removed from a forme of tppe. 
Cast from the mould, a stereoplate is used for actually printing these four pages from an 
English Bible — a best seller for four hundred jears. Not only a great indust^ but a migh^ 
force in intellectual ajfairs, printing comes dose to artistj^ in its demands on taste and shill, 
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THE STORY OF 
PRINTING 

Compiled by HARRY WheTTON 

Inside a epical printing works. How type is set up by hand and machine. The crafts- 
men and their respective duties. Pro(^-r,eading and make-up. Work on the ^stone.^ 
Printing machines — from platen to giant rotary. Stereo- and electro-plates and 


their making. Reproducing illustrations. 

P RINTING is a necessity alike to peace 
and the conduct of war. At once a 
craft and an industry, a mainstay of 
literary expression, reportage, the dis- 
semination of ideas and the spread of 
education, it is uniquely important. 

To gain any idea of how printing 
appears to the “man on the job,” we must 
go to the actual operatives. By way of a 
start, let us take that bedrock of the 
industry — typesetting. To watch this 
process, we must visit a composing 
room, where the “comps” — ^no printer or 
journalist ever calls them “compositors” — 
are at work. There are many kinds and 
sizes of composing rooms, the one we are 
visiting being that of a magazine which is 
just going to press, or, in printers’ 
language, being “put to bed.” 

Type assembly is by hand and by 
machine. This man, standing in front of a 
pair of type-cases and lifting pieces of type 
into a metal “composing stick,” is setting 
headlines for an article. These he places 
on a tray called a “galley,” and there they 
remain until the “make-up man” is ready 
to make-up the page. 

Here comes the make-up man, with a 
long column of type on another tray 
called a “slip galley.” See how adroitly he 
lifts the type, a dozen lines at a time, 
from the slip galley on to the make-up 
galley. In this case the lines consist of 
separate lines ; that is, each line of type is 


Marvels of the half-tone block process. 

a solid slug of metal, set on the linotype 
(line-0* -type) machine (Fig. i). Some- 
times type is in separate characters as in 
Caxton’s day, though nowadays movable 
type can be set at the rate of many thou- 
sands of letters an hour by means of the 
monotype machine. As its name indicates 
the monotype furnishes separate types, 
and, although utilized in some newspaper 
offices, is chiefly installed in general 
printing works and those undertaking 
book and publicity literature. 

The principle of the monotype system 
consists in the casting of type characters 
by means of a corresponding series of 
perforations on a paper reel — these per- 
forations being produced by the depres- 
sion of keys on a keyboard, which is 
operated in much the same fashion as a 
typewriter. Thus the operator has in 
effect a type foundry under his hand, for 
when the perforated reel is transferred to 
the machine called the caster and brought 
into contact with the matrix case, single 
type is correctly and automatically set 
with marvellous precision and accuracy, 
as is seen in Fig. i . 

When (to return to him) the make-up 
man has placed enough matter on the 
make-up galley to fill the first column, 
which he measures for correct length by 
means of a type-gauge, he places a “reglet” 
(a strip of wood) or a strip of metal along 
the full length of the column. This strip 
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AUTOMATIC TYPE SETTING 


Fig. I. Illustrated above are two methods of setting up tppe automaticallj which Jot general 
purposes have displaced hand setting^ The Linage machine sets up and casts individual lines of 
lype into metal slugs in one operation. Mono^pe machines operate in two processes, each letter 
being cast into a separate slug which can be changed without resetting the whole line. 
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of wood or metal, being lower in height 
than the type-face, fulfils two purposes: 
(a) to support the next column; (b) to 
act as a space between the columns. 

In this case the page consists of two 
columns, and when the make-up man is 
satisfied that it is “O.K. for depth,” he 
produces a piece of strong thin cord (a 
“page-cord”) and secures the page as a 
whole by tying it firmly round the whole 
of the page which is supported broadwise 
by a reglet at top and bottom. 

When a column of type comes from the 
linotype machine it is proofed on a long 
slip of paper called a “galley-proof.” This 
is handed to the reader with the copy. 

This man in a cubicle, surrounded by 
proofs, “copy,” dictionaries and other 
books of reference, is the corrector of the 
press, or printers* reader. His task is to 


see that everything printed is correct in 
all details. It is a rule in printing, that 
except in certain special cases, nothing 
can go to press except on his signature. 
The proof is compared with the copy by 
the reader, who has an assistant (a “copy- 
holder”) to read the copy to him while he 
reads the proof. When he is satisfied, he 
marks it at the top with the sign “ist” 
(“first proof”) adding his initials and the 
date. When the proof has been corrected 
by the compositors, they “pull” another 
proof so that the reader may check the 
corrections. This done, he marks the 
proof at the top with an “R” (“revise”) 
again adding his initials and the date. 

When the make-up man has made up 
his page, he pulls a proof of it (“page 
proof”) and hands it to the reader with the 
proof marked “R”. The reader checks any 



LINOTYPE OPERATOR AT WORK 


A linotype machine, the wonderful workings of which are explained in the drawing on the 
opposite page, is here seen in action. Note the “copf which is clipped in front rf the sldrt- 
sleeved operator, whose fingers quickfy and accurately tap the appropriate keys m front of him. 
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necessary corrections and “reads the page 
for press.” Then he writes “Press” at the 
top of the proof, adding yet again his 
initials and the date. The page is then 
ready for press. 

What happens on “the stone^ 

Now we must go to the centre of the 
department where men are gathered 
round “the stone,” a large table with a 
metal top, two or three inches thick, the 
surface of which is dead true. 

The make-up man slides his corrected 
page on to the stone and pushes it into its 
appointed place, which is marked with 
chalk. Magazines usually go to press in 
series of eight or sixteen pages, these 
being the most convenient numbers for 
the purpose of folding. 


In the case before us eight pages — the 
first “forme” — ^are going to press. A 
forme comprises the eight or sixteen 
pages, and so on, held firmly together in a 
“chase” (a metal frame). 

The men round the stone are called 
“stone hands.” They are expert in the 
positions in which the pages must be 
placed so as to fold correctly when 
printed. They are expert, too, in handling 
type. They untie the page-cords after 
“dressing the forme.” Dressing the forme 
means placing pieces of wood (lower than 
the type-face) between the sides and 
heads of the pages so as to allow for 
correct white margins when printed. 
These pieces of wood go under the name 
of “furniture.” Then each page has a 
“sidestick” placed along its len^h and a 



LOCKING UP A FORME 

Fig. 2. Having arranged the pages of type on t/ie “stone” in the appropriate order for printing, the 
compositor lochs up a forme” ^ eight pages in the ^chase” or metal frame. He is shown hammering 
short wooden wedges, known as ^quoins,” into the spaces 1ft between the frame and *^sidesticks.” 



craftsmen’s “ companionship” 
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footstick against its foot. Side- 
sticks (of wood or metal) are 
in the shape of long wedges. 

It will be obvious that the 
space between the edge of the 
metal frame and the nearest 
edge of the sidesticks, and 
footsticks, will be wedge- 
shaped too. Into this space are 
fitted “quoins,” which are 
short wooden wedges (Fig. 2 ) . 

Before the quoins are finally 
driven home, one of the stone 
hands “planes down the 
forme.” That is, he places a 
specially made piece of wood 
(the “planer”) on the face of 
each page in turn and firmly 
taps it with the mallet. This 
ensures a true printing surface. 

Meanwhile, others of the 
staff are getting other sections 
of the magazine ready for 
press. A comp, is walking 
from type-case to type-case, 
selecting suitable type for an 
advertisement which he is 
setting. A clicking noise tells 
that a linotype machine is 
operating ; a chug-chugging that 
the monotype casting machine compositor at work 

is turning out separate letters Above is shown a last-minute correction in the yorm^ being 

at incredible speed — ^letters made hj a compositor b^ore it is finally passed for press* 

that mechanically arrange 

themselves in lines and columns. A drone- the material for advertisements, 
like sound comes from the copyholder The machine is self-contained, in that 
reading “copy” to the reader. it operates from a keyboard, whence set- 

The men employed on the magazine — ting and controls (such as for casting from 
comps, stone hands, readers, linotype and matrices) are found. As an operator’s 
monotype operators, etc,, are called a fiingers move over the keyboard, brass 
“ship,” short for a “companionship.” The matrices, each bearing the mould of a 
man in charge of the ship is a “clicker,” letter, are released from an overhea.d 
sometimes called “the printer,” magazine. They come rattling down their 

Now for another look at the linotypes, channels and fit themselves comfortably 
as shown in Fig. i . Use of the linotype into the receptacle in front of the opera- 
has ousted hand type setting for news- tor. A bell rings and the operator knov^ 
paper production. And not only for text that a complete line of matrices is 
as such, but display heads and much of assembled. He presses a lever and before 
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one can count ten the receptacle has dis- of a mixture of lead, antimony and tin. 
appeared. Molten metal has come into The front — or the face — presents a 
contact with the matrices and here a picture of a page of type in reverse, 
shining white metal line of type comes , whilst the back is slightly ribbed or 
sliding out — still hot! grooved to enable it to lie dovim evenly. 

And now let us visit those very necessary Now come and see a forme of type 
persons, the stereotypers, whose craft being moulded ; in this case a small forme, 
has done as much as anything to put The type matter has been specially as- 
printing on a modem footing, sembled for casting and the forme is 

Our sense of smell promptly tells us placed on the flat bed of a sturdily built 
that we have entered a stereotyping machine, affectionately called a “mangle” 
“foundry.” Notice the dry acrid odour, by the operator. After adjusting the type 
suggesting burning metal, to which, how- for a little while, he places what appears 
ever, we soon become accustomed. to be a sheet of stout millboard over the 

Here is a stereoplate. It is about one- formes and covers that again with a rubber 
sixth of an inch in thickness and is made blanket and a sheet of zinc. The whole 



FIRST STAGE IN CASTING 

Fig. 3 . Here the ^e-face has been specially assembled for casting operations and placed rea^ 
in the machine, familiarly called a “mangle.” It is then covered with a special preparation, 
known as “flong,” which t&kes a perfect impression under pressure from a revolving cylinder. 





“PLONGS” AND “stereos" 
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PLANING A STEREOPLATE 

Fig. 4. After the stereoplate has been cast in metal from the ^flong,” it is carfullj planed^ as 
is shown in the above photograph. After it has been smoothed, the plate is read/ for the final 
stage in the series of operations — being mounted ^^pe~high” on a wooden base. 


passes beneath a revolving steel cylinder 
which crushes the “board” against the 
type, and the job is done (Fig. 3), 

Let us lift the “board” and handle the 
mould. The great pressure exerted by the 
cylinder has forced the type-face into the 
unresisting surface of the “board” and each 
letter-character is thus plainly visible sunk 
deeply into its appointed place. The 
moulded forme is now ready for use. 

Some explanation is necessary regard- 
ing the composition of the “board” or 
“millboard” which is used in the making 
of moulded forme. 

Actually the material used for this 
purpose is called “flong,” and is specially 


constructed from many layers of blotting- 
and tissue-papers firmly held together by 
a rather wonderful kind of paste. It has 
now become a matrix from which we 
can cast our plates. 

Dry flongs are universally used for 
newspaper reproduction, where the print- 
ing is done at high speed on rotary 
machines. For such work the matrix of a 
W'hole newspaper page is placed in a 
curved moulding box and a cast is made 
to fit the cylinder of the printing machine. 
The stereoplates resemble a half-circle 
and are clamped into position on the 
cylinder, which revolves with the paper 
roll to print the requisite number of 
copies normally calculated to satisfy the 
requirements of each edition. 
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ROUTING MACHINE 

Fig. 5. In casting pages into stereos, the unwanted portions of the plate are carefully cut awaj 
hjr a routing machine, which is seen in action above, A good eye, steady hand and considerable 
experience are needed for this — one slip of the tool would ruin the work. 


We now pass on to the casting boxes 
standing beside huge cauldrons (“pots,” 
the stereotypers call them) of molten 
metal, where you see the matrix in- 
serted and securely clamped down in 
what we may call the lower half of the 
box^ The steel box is now closed and 
brought to a perpendicular position, and 
we watch the operator expertly ladle the 
molten metal into its mouth. 

Routing and planing 

In a few seconds the upper lid is 
removed and the casting taken out to have 
all superfluous metal trimmed away. The 
screaming circular saw appears to be 
angry, for it snarls and bites into the plate 
like a wild beast devouring its prey. 


Next we move to a routing machine 
which removes all unwanted portions 
from the surface (Fig. g), A plane i|^next 
used to square up the edges (Fig. 4). The 
stereoplate is now ready for the final 
operation — amounting on a wooden base, 
which brings the face type-high, ready for 
the printer. 

Electrotyping for printing is the art of 
producing duplicates of type formes, pro- 
cess and other blocks by means of the 
electro-deposition of copper upon a 
mould of the original. The process 
requires the installation of an expensive 
plant and the careful training of a staff of 
intelligent craftsmen. Long experience is 
necessary before 'a learner is likely to 
become an efficient electrotyper. 


PROCESS ILLUSTRATION 


Whilst all these things are going on in 
the various departments of the printing- 
works, the blocks which are to illustrate 
the copy, are being made and mounted so 
that tiiey will be ready for their job 
when the type is eventually set. So our 
next visit is to the blockmakers. 

Reproducing illustrations 

Obviously, all existing types of illus- 
tration, popularly known as “pictures,” 
cannot be reviewed in detail here; but 
a brief account of one of the greatest 
will help us to appreciate the high 
degree of technical skill that lies be- 
hind the “pictures” in our books, 
periodicals and newspapers. For example, 
the photo-engraver, whose handiwork 
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comes before the public on the innumer- 
able occasions when half-tone process 
blocks are employed — as in the book 
before you — has a job demanding a high 
degree of efficiency. Let us follow some 
imaginary but typical photo-engravers 
into the studio. 

Putting on a “warehouse coat” type of 
overall — the craft’s universal “uniform” — 
our operator takes a quick look round the 
apparatus and chemicals and is ready. 

Say that the first job is an illustration 
accompanying this chapter. The “original” 
is fixed on the copy board of a process 
camera, and some £,ooo or so candle- 
power of light switched on from two arc- 
lamps. Here it may be mentioned that 
the carbons used for the lamps are 



GUILLOTINE DESCENDS 

Cutting and trimming are necessaij processes in the aaft of printing. Here we see a ^guillotine^ 
in action, the sharp knife descending upon the paper which has been placed under iu Eveij 
possible precaution in the form of guards and safe^ catches is used to prevent possible injury. 
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FIRST STAGE IN PHOTO-ENGRAVING 

Fig. 6. Illustrations for printing are etched into metal mounted on wood, the finished article being 
known a^ a ^block” The first stage, shown above, consists of photographing the original with a 
specially designed camera with a long bellows which allows oj considerable reduction or enlargement. 


precisely the same as those used for search- 
lights! The type of camera used is so big 
and heavy that it is mounted on rails and 
moved back and forth on wheels. The 
operator next focuses the original to the 
required size, then making a copy negative 
from it by the old wet collodion process. 
‘*Wet plate,” so called because the glass 
plates are hand-coated and sensitized and 
must then be exposed while still wet, is 
still commonly used because it suits the 
purpose exceptionally well ; although 
many'" prefer the more modern ready-made 
dry plates of which “process” types are 
specially prepared for use. 

Half-tone processes 

A sheet of glass accurately ruled with 
crossing opaque lines — the process screen 
— ^is placed a short distance in front of the 
photographic plate, the effect being to 
split up the image into dots, i2o per 


square inch in this case. The dots vary in 
size according to the screen employed. 
After suitable chemical treatment, when 
much can be done" to affect the tone 
rendering, the negative is dried and is 
ready for printing on metal. 

The next step is to clean and polish a 
thin sheet of zinc— =-just plain hard work 
with pumice powder and a scrubbing 
brush ! — and then coat it with glue — just 
good quality fish glue containing some 
ammonium bichromate. When the coat- 
ing is dry the metal is pressed tightly 
against the negative in a sturdy printing 
frame having a glass front over an inch 
thick to withstand the pressure, and the 
whole is then exposed for a few minutes 
to another arc lamp. Next the zinc plate is 
removed and washed under a tap. Now, 
the light affects the bichromated glue 
coating and it will no longer dissolve 
away in water except where the dots 


STAGES IN BLOCKMAKING 
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forming the negative kept otf the light Now, let us suppose that the blocks 
and there it washes out cleanly. A bath have been made, and that the forme, 
in dye makes the glue'print visible, and which has already been described, is 
after careful examination it is then burnt ready to go to Press, 
in by holding in tongs and heating over a 

gas flame until the glue carbonizes into a iioing to rress 

strong black acid resisting enamel — or “Going to press” means what it says, 

until, to the operator’s infinite disgust, The forme has gone to the printing press ; 

the very hot metal melts! so we follow it to the machine-room, 

which, as anv of its operatives will claim. 
Etching and trimming Ig the most 'important of all. It is there 

Next comes the etching process, when that the reputation of the artist, the 
the metal print is put into a machine and blockmaker and the compositor can be 
sprayed with dilute nitric acid until the enhanced or damaged. Much of their skill 
bare metal between the enamel dots is would never be recognized if their col- 
eaten away enough to leave them “standing leagues in the machine-room could not 
proud” and ofjust the right size. After suit- competently print the formes prepared 
able trimming and mounting on wood to for them. 

type-height, the block is ready for printing. It should be explained that the machines 



YOUNG CRAFTSMEN IN THE MAKING 


Well knemi to ptinting operatives, the London School rf Printing and Kindred Trade enables 
bars who are serving their apprenticeship to acquire a frst-class practiatl and theoretical 
training as aajismea. A Epical class is seen at work in the photograph reproduced above. 
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HOW YOUR DAILY PAPER 

Fig. 7. Here is a diagrammatic impression of one of the migh^ machines that give news to the 
world, la newspaper and magazine work the need for speed in printing is paramount. The 
invention of the rotary press, the workings of which are explained in the above drawing, has 
enabled up to 25,000 copies per hour to he '‘run off,** cut and folded by one complex machine. 



NEWS ROARS FORTH 



THE SUPERiMPOSED SHEETS FROM THE 4 PRlNTiNG UNITS PRESS UNDER 
CIRCiil Afi SUITING KNIFE & D!,VfOINS ONE TO EACH SIDE OF PRESS RUN 
INTO FOLDING & CUTTING CYLINDERS. . 
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COMES INTO BEING 

To achiere one continuous process, grlindrical castings {stereo- or electro-^e) are made from 
the actual tppe, as explained on pages 242-4, and these rerohe in contact with the roll of paper, 
both sides being evenlj printed with a spedal ink that dries without smudging. Such, as apart 
from the all-important human element, are the gigantic mechanisms that print your newspapers. 



This machine prints a sheet 3 S in, X 45 -in, on 
copies an /?our, it is entirely automatic both as 

we shall meet are merely representative 
of the many different kinds existing, all 
performing the same task but each having 
characteristic movements evolved by its 
designer. They are made in many sizes 
from those built to print the small visiting 
card to those capable of printing a sheet 
of paper measuring anythinjg up to 6o x 40 
in., or even larger. 

For newspaper, production, or for 
exceptionally large quantities, “rotaries” 
are used. On these, type castings (stereo- 
or electro-plates) revolve in continuous 
contact with the paper roll, producing 


TWIN CYLINDER FLAT-BED 
both sides of the paper at the rate of USOO 
regards the feeding of the white paper, and 

any number up to 2^,000 an hour. They 
are most ingenious machines — an as- 
sembly of intricate cogs, cams and 
cylinders wh^h not only print, but cut 
and fold copies at the same time (Fig. 7). 

The small machines are known as 
“platens.” They do not take their im- 
pression from cylinders, but print the 
sheet on a platen surfrce — the machine 
opening and closing on the type for each 
impression. 

The machines in the room we are 
visiting are “flat-bed cylinders,” which 
means that the forme of type is carried 





TWO-REVOLUTION PRINTING MACHINE 

the delive^ of thefullj printed sheet. The machine-minder must keep constant watch so that 


miniite adjustments can he made to remedy any 

backwards and forwards on a flat-bed 
carriage and travels beneath a cylinder 
which is ready for impression. 

Here, for example, is a machine having 
two cylinders on which sheets of paper, 
X 4^ in., are being automatically fed 
to its grippers. Notice how the grippers 
take the sheet and carry it round the 
cylinder that is revolving over the type. 
One revolution, and one side is printed; 
after which the sheet is swiftly trans- 
ferred to a second cylinder upon which 
the reverse side of the paper is printed 
from a second forme of type — and all in 


dejects without stopping the run of the machine, 

one continuous movement. 

Just look at those perfect sheets flowing 
over the delivery tapes at the rate of i , ^oo , 
copies an hour! 

When visiting the composing room we 
saw an eight-page forme of a magazine 
being prepared for machining. Well, here 
is the forme being printed on a suitably 
sized machine — a Wharfedale, printing a 
sheet 20 X 30 in. Notice how the forme is 
securely locked in position on the bed 
of the machine and how the ^e comes 
into contact with those ink-covered 
rollers which are so adjusted as to convey 
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TWO-REVOLXmON MACHINE 

For general work, a two-revolution printing machine as seen above is widely used. The name 
derives Jrom the fact that the cylinder makes two revolutions, daring one of which the sheet is 
printed, and during the other the cylinder rises clear of the forme to allow the sheet to be delivered. 


a thin film of ink to the type-face. 

Just a word about the ink. Here is the 
supply in this duct at the back of the 
machine. Printers* ink is of the consist- 
ency of heavy treacle. Observe how the 
roller in contact with the duct carries ink 
forward to one roller after another until 
it becomes evenly spread, ready for type. 
The cylinder has already been “dressed** 
to provide correct pressure. Sheets of 
paper form the “dress” and it is upon these 
sheets that the operator exercises his 
skill to make good any imperfection 
apparent in the type-fiicei. 


On this machine the sheets to be 
.printed are fed to the cylinder by hand. 
The operator will run the machine slowly 
to allow you to follow the motions. 
Watch how the inkers do their work, now 
that the forme is travelling forward 
beneath the cylinder. Grippers — ^see those 
teeth in the sunk slot on the cylinder — 
close on the edge of the sheet of paper, 
and as the forme returns, the cylinder, 
revolving at the same speed as the forme, 
brings the paper into contact with the 
type-face. Just sufficient pressure is im- 
parted to produce the printed copy. 
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Aerated concretes, 21 1, 230 
Aerodynamics department, 82 
Ageing, viscpse, 175 
Agent, colliery, 30 
Agncultural machinery, 204-5^ 
206, 20S-9 
Aircraft industry, 81 
Air locks, in coal mines, 34 

— Ministry, 82, 87 

— pressure, m coal mines, 33 
Alkali-cellulose, 174-5 
Alloys, in steel, 55, 64-5 

— m aircraft mdustry, 89 
Ammomum bichromate, in 

photo-engraving, 251 
Annealing ovens, 118 
Anodic treatment, 93 
Armour plate, 102 

— press, 75 

Asbestos, use in building, 232 
Assembly Ime, 70, 94 
Assembly shop, 94 
Autoclave, in rayon manufac- 
ture, 182 

Automatic machines, in glass- 
blowing, 126 
Ayrshure cattle, 218 

Bale-breakers, 157-8, 160 
Banksmen, 34, 42 
Barber knotter, 162 
Barley, 206 

Batches, in glassmaking, 113 
Batch-filler, 114 
Baths, pithead, 30-31 
Beams, floor, 226 
Belt-conveyor, 5S-9, 40 
Benzole scrubber, 184 
Be^mer converter, 55, 58 
Billet {or bloom), 53 
Biscuit fire, 137 

Bituminous felt, in building, 226 
Blacksmiths, m shipyards, 10 
Blankets, 144 
Blast furnaces, 47, 49, 50 
Bleachmg, cotton, 167-8 

— wood pulp, 174 
Blending, cotton, 157 
Block, half-tone, 245-247 

— printing, textile, 168-170, 

171 

Bloom, iron, 53, 63 
Blowing, glass, X20, 121, 
124 

^ — -iron, 121 
Blue-printing machines, 67 
— prints, 67, 228, 232 
Blunger, 134 

Bobbins, 151-2, j 6 o , 162, i6g 
Boiler house, 185 
Boilers, ships’, 23 
Boll, cotton, 157, 160 


Bomb doors, 94 

— load, 82 

Boosters, in gas industry, 200 
Borax, in glassmakmg, 113 
Boring, 76 
Bottle-making, 113 
Bradford, wool industry in, 143 
Breech-block, no 
Breeds, cattle, 215 
Bncklaymg, 230 
Bncks, 230 

Brimming, in glassmakmg, 125 
Building, 221 
Bulkheads, 21-2 
Bullet-proof nvets, 106 
Bunkers, coal, 185 
Burden, m iron smelting, 48 
Burlers, m woollen industry, 153 
By-products, in gas industry, 
J94-'5, 199-200 

— from iron smelting, 48 

Cabbage planter, 209 
Cages, in coal mines, 24, 34-5, 42 
Cakes, rayon, 178 
Calendeiing, 170 
Calico prmting, 168 
Cap lamp, 33 
Capstan-lathe, 74 
Carbon, m steel, 54» 64 
Carbon disulphide, m rayon 
manufacture, 174 
Carding, cotton, 158, j6i 

— wool, 156, 147, 148 
Carpenters, in shipyards, ii 
Carpets, 144 

Casting, iron, 52-3 

— steel, 57 

— type, 237, 238, 241-2 
Caulking, 10 

Caustic soda, in rayon manufac- 
ture, 174 

Ceiling rafters, 226 
Centre-lathe, 71 
Chair worker, 121-2, 124, 126 
Chargmg cones, 51 
Chase, m prmting, 240 
Checkweigher, 42 
Chimneys, jomting up, 230 
Chma ware, 131 
Chromic acid, 93 
Clay, m pott^, 131 
Cloth designer, 153 
Cloth-finishing, 155, i 7 o 
Clover, use in agriculture, 210 
Coalcutter, 36, 40 
Coal face, 32 
— Mines Act (1911), 30 
Coalmining, 25 

— casualties in, 25 

— expansion of, 25 
Cogging mills, 63 


Coke, production of, 197, 200 

— in iron smelting, 48 
CoUiery, explosions, ^6 

— surveyor, 44 
Collodion, 173 

Colouring agents, m glass 
making, 113 

Comh, m iron smelting, 48 
Combing, wool, 151 
Combustion chamber, 114 
Composmg stick, 237 
Comps, 237, 241 
Concrete mixer, 231 

— use in bml^g, 22r, 226 
Continuous filing, 131, 137 

— vertical retort, 198, 201 
Contour follower, 73 
Conveyor belt, 140, 197 
Copper, in electrotypmg, 244 

— sulphate, 77 

Copy-holder, 239, 241 
Com production, 206 
Cornish stone, m pottery, 134 
Corrosion, protection against, 92 
Cotton, 157 ' 

Cows, 203 
Cracking-off, 125-6 
Cranes, in shipyards, 22 
^ m steelworks, 63 
Crankshaft testing, 76 
Cnghton opener, 161 
Crompton, Samuel, 158 
Crop rotations, in agriculture, 
206-210 

Crumbs, rayon, 172 
Crusader tank, 105 
Gullet, in glassmaking, 114 
Cupola, glass furnace, 1x4 
Cuprammomum, in rayon m- 
dustry, 174, 178 
Cutting tools, 74 
' Cylinder pnntmg, 248-252; 
textile, X71 

Damp course, 226, 229 , 232 
Deck beams, 21 
Deckhouses, 21, 22 
Decolorisors, glassmaking, 114 
Demer, rayon measurement, 178 
Denitratmg, 173 
Deputies, m coal mmmg, 30 
Derby, pottery mdustry, 129 
Designing office: 

— m heavy mdustry, 67 

— in shipbuilding, 12-14 
Dishes, how made, 134 
Diesel loco, 26, 36 
Dobbies, 167 

Dobby head, 148 , 152 
Doctor, in cotton printing, 169 
Door f^es, 234 
Dope, in aircraft industry, 94 
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Drafting, wool, 147 
Drainpipes, how made, 129 
Draught, maximum in ship- 
building, 13, 16 
Draughtsmen, 67 
Drawing box, wool, 151 
Drawing-m« 162 
Drill, combme, in agriculture, 

305 

Dnlling machines, 68 
Dry plate process, m photo-en- 
graving, 246 

Drymg room, pottery, 136 
Dyeing, X49, 153-4, 168-9 

Earthenware, 129 
Electnc detonator, 40 
Electric furnace, 54-5 
Electnc steels, 58 
Electricity, installation of, 222 
Electrotyping processes, 244 
Enamel, 92 

— kiln, 137 
Engmeman, 34, 42 
Engines, production of, 68 
Etching, 247 

Etruna marl, 129 
Exhausters, m gasworks, 199 
Explosives, use m coal mmes, 40 
Exports, coal, 25 

f abnc, in aircraft industry, 94 
Face conveyor, 37 
Factory Acts, 75 
Farm, typical British, 216-17 
Farm workers, 218 
Farming, mixed, 203 
Fearnought, m woollen in- 
dustry, 145 

Felspar, in pottery, 131 
Fillers, in coal mmes, 34, 40, 42 
Fillet, in building, 230 
Finishing cloth, 155, 161, 170 
Firedamp, testing for, 33 
Firemen, boiler house, 188 
Fire-proof partitions, 221 
Fitters in engineermg, 77 

— in shipyards, 11 
Flat-bed pnntmg, 250-251 
Fhght testing, 80, 82 
Flmt glass, I2X 

Flong, in stereotyping, 242, 243 
Flux mixture, 113 
Flyer drive, 165 
Forging press, 57, 62 
Forme, in pnnting, 240, 247 
Foundation hues, 225, 228 
Foundry personnel, 70 
Frame, steel, 222 
turners, 8 

Frame units, in building, 232-3 
Furnace, blast, 47, 49-50 

— electric, 54, 55, 58 

— glass, 414, 118, rip 

— open hearth, 51, 55, 58 
Furmture, built-in, 230 
Fuselages, aeroplane, 88, 92-S 


Galley, m pnntmg, 237 
Gas analysis, 193 
— , coal, 197 
Gasholders, 200 
Gasworks, 194-5 
Gate conveyor, 42 
Gatherer, glass, 122-3 
Gauges, 67, 77-8, 79 
Gear-cutting,' 70 
General Lee tank, 105 
Ginnmg, cotton, 157 
Glass, 113 
Glassworks, 117 
Glazmg, 137 , 139 
Glost fire, 137 
Grant tanks, 105 
Gravity, centre of, 94 
Grindmg machines, 68, 74, 89 
Gnnding surfaces, 77 
Group system, m heavy engm- 
eermg, 70 

Guillotme, m pnntmg, 245 
Gun barrels, 68, 74 
Gunner’s turret, 87 
Guns, for tanks, 108-110 

Half-tone process, 245-7 
Halifax bomber, 87, 93 
Handler, 136 
Hardemng-out kiln, 137 
Harness wire, 162 
Harvester, combine, 207 
Harvesting, 206, 207, 2(10, 214 
Haulage roads, 26 
Headgear, 27 
Healds, i6r, 162, 167 
Heavy fabncs, 152 
Helmets, miners’ safety, 30 
Hereford cattle, 215 
Hole, m glassmakmg, Z22 
Hollow- ware, 121 
Hopper, 185, 197 
Hopper opener, 160 
Horizontal retort, 196, 197-8 
Horses, farm, 2r8 
Hull, tank, 106 

Humidity, in cotton mills, 158-9 

Industrial Gas Centres, 200 
Industnal Revolution, 25 
Ingot moulds, 58, 59, 63 
Ink, pnnter’s, 252 
Insect pests, in agriculture, 215 
Inspection, 78 
Inspector, Mines, 44 
Interchangeability, of aircraft 
components, 87 
Iron smelting, 47, 48 

Jack roving, 158 , 165 
Jacquard loom, 152, 167 
Jigger, 134 
Jigs, 67, 76, 87, 94 
Joiners, in shipyards, ii 
Joists, roof, 226 
Jolley, 134 


Keel, laying the, 8, 21 
Kiln, pottery, 128, 131 
Kilowatt load, 185 
Knee action suspension, 104 
Knitting, 180 

Lamproom, 31 

Lamps, miners’ safety, 31, 33 
Lancashure cotton, 170 

— machine tool industry, 67 
Lap machines, 157-8 
Larry, in iron smelting, 48 
Lathes, 68, yr, 74, 89 
Launching, 5, 15, 22-23 
Lead glass, Z13 

Lehrs, 118 

Lime, in glassmaking, 113 
Lincolnshire, iron smelting, 48 
Linotype machine, in printmg, 

237i 236, 239, 241 

Livestock, 203 
Loading station, coal, 43 
Loftsmen, m shipyards, 5, 17, 21 
Longwall working, 37, 38-9 
Looms, automatic, 152, 167 

— jacquard, 152 

— power, 167 

— tappet, 152 

Machme minding, 76 

— shop, 70, 89 

— tools, 68, 77, 89 
Maintenance engineer, 78 
Make-up-man, 237 
Making shops, 134 

Man haulages, 36 
Manufacturing jip, 87 
Manure in agnculture, 207 
Marveling, 122-3 
Mass production, in aircraft in* 
dustry, 88 
Masts, 21 

Matrices, m pnnting, 241-2 
Mechanization, agricultural, 
204-5, 206, 208-9 
Menders, m woollen industry, 

153 

Mercerization of cotton, 168 

— rayon, 174 
Merchant Isars, 53 
Merlin II, engine, 92 
Metallurgists, 94 
Micrometers, 78 
Midlands, iron smelting, 48 
Milking machine, 2x0 
Milk production, 203 

Milling machines, 68, 72, 73, 89 
Mmers* welfare committee, 30 
Mimng engmeers, 26, 30 
Monotype system in printing, 
237, 238, 241 
Mortar, 230 
Mosquito bomber, 86 
Mould board in ploughing, 21X, 
214 

Moulding box, in stereotyping, 
248 
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Mould-loft, 5 

Moulds in glassblowing, 125 

— in pottery, 130, 134 
Mule spinning, 146 
Multiple tooling, 71 
Multi-pot furnace, 114 
Mungo, wool, 143 

Naphthalene scrubber, ^00 
Newspaper production, 248-9 
Nitrogen in agnculture, 207 
Noils, wool, 1 51 
Norfolk rotation, 207 
Nylon, 183 

Onsetter, 34-35 
Openers, 157 
Opening, wool, 146 
Open hearth furnace, 51, 55, 58 
Operator, printing, 241 
Optical glass, 115 
Ornament, in pottery, J56, 137 
Outer walls, construction, 222 
Oven, pottery, 137 
Overlooker m woollen mill, 152 
Overmen, 30 
Oxide punfiers, 200 
Oxydization, 58 

Paddy mail, 35-6, 40 
Page-cord in pnnting, 239 
Pamters m shipyards, 12, 23 
Paint shop, 88, 94 
Panel beaters, 89 
Parison m glassblowing, 1/6-7, 
121, 125 
Partitions, 226 
Pattern-making, 70 
Periscope, tank, loi, 107 
Photo-engraving, 245-7 
Picker stick, 14S, 162 
Picking belts, 42 

— cptton, 157 
Pieceners, 147 

Piece work in pottery, 139 
Piecing, m Qotton mills, 156 , 162 
Pig beds, 52 

— casting, 52 

— -iron, 52, 58 

Pigs, m agnculture, 203, 2x1, 
218 

Pipes, types used in building, 
222 

Pit bottom,, 35 
Pithead, 27 
Planmg, 77, 243 
Pl anning department, 88 

— engineer, 68 
Plantation, cotton, 157 
Plastics, use in building, 221, 230 
Platen machines, 250 
Platers, m shipyards, 8, 21 
Plinlsoll mark, 16 
Ploughmg, 204, 210, 211, 214-15 
Ploughmen, 214 

Plug gauge, 78 


Plumbers, in shipyards, 11 
Pl3rwood m aircraft, 86 
Pneumatic picks, 32, 37 
Pneumatic nveting, in ship- 
yards, 8 
Pontil, 121 
Porcelain, 138 
Portland cement, 221 
Potatoes, acreage, 203 
Potato lifter, 208 
Potbank, 134 

Pots, for glassmaking, 114, ir8, 
122 

Pot spinning, rayon, 178 
Potteries, the, 129 
Potters’ millers, 129 
Potter’s wheel, 134 
Pottery, 129 
Poultry, 203 
Powell, L. S., 178 
Precision instruments, 68 
Prefabncation, 21-2, 222 
Press-cloths, 134 
Pressed glass, 126 

— metal in building, 230 
Presses, pnnting, 248-252, 247- 

252 

Pnnter’s reader, 239, 240, 241 
Pnntmg, 236-252 

— cotton, 168-170, jyj 
Process-camera, 245, 246 
Producer gas, 196 
Production line, tank, 105 
Proof m printing, 239 
Propellers, ships’, 23 
Production, simplification of, 67 
Progress chaser, 94 

Project office, 86-7 
Props, in coal mines, 40 
Protot3rpe construction, air- 
craft, 82; tanks, 100 
Puddlers, 53 ' 

Pug-mill, 134 

Quenching car, 48 
Quoins, in pnnting, 240, 241 

Radio for tanks, 104 
R.A.F., 81 

Rags in textile trades, 143 
Raising cloth, 155 
Ratefixer, 68 ' 

Raw cotton, 157 
Reacher-in, 162 
Reader, pnnters’, 239-240, 241 
Rayon, 173 
Red Poll cattle, 215 
Reed, 162, 167 
Reeling, rayon, 180 
Reglet in printing, 237 
Resins, separation in rayon 
processes, 174 

Rig-frame spinning, 158, x66 
Risers, 53 

Rivetmg in shipyards, 8, 9 , 10 

— tanks, 106 
Roadside packs, 40 
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Roadway repairs, coalmimng, 
40 

Rollers, 47 

Rolling mill, 56-7, 63 
Roof pressure, 40 

— npping, coal mining, 35 

— straps, 33 

Room and power system, 144 
Rotary press, 248-g, 250 
Rotation, crop, 206-10 
Routmg, 244 
Roving, 158, j6o, 165 

Safety devices, 75 
Saggers, 128, 137 
Sail cloth, rayon, 174 
Saltpetre in glassmakmg, 114 
Sand m glassmaking, Z13 
Samtary ware, 138 
Scaffoldmg, m building, 229 
Schedule, time and progress, 225 
School of Pnntmg, London, 247 
Scientific glassware, 122, 123 
Scotland, iron smelting, 47 
Scounng wool, 146, 153 
Scrap metal, reclaiming, 64 
Screen m process-engraving, 246 
Screemng plant, 33, 42 
Scnbing, 77 
Scnve board, 17 
Scutcher, 158, 163 
Seconds, 167 
Shaping blocks, 121 
Sheanng wool, 142, 145 
Shedding, 164 

Sheep, 203, 207, 212^13, 218 
Sheet metal workers, 89 
Sherman tanks, 105 
Shift engineer, 188 
Shinglers, 53 
Ship, in printing, 241 
Shipbuildmg, 5, 6-7, /4-15 
Ships, fittmg out, 18-/9 

— merchant types, 20 
Shipwrights, 8 
Shoddy, wool, 143 
Shop foreman, 89 
Shotfinng, coal mining, 37, 40 
Shrinkage, m textiles, 155 
Shropshire, iron smelting, 47 
Shuttles, in cotton mills, 152 
Silica in glassmaking, 113 
Silk, artificial, 173 
Singeing, 167 . 

Six-pounder gun, for tanks, 108 
Sizing, 160 

Skirting boards, fitting, 230 
Skittle pots, 114 
Slag, 48 

Sleeper walls, 226 
Sliding ways, 23 
Slip-citing, pottery, 134 
Slivers, cotton, 158, X63, 160 

— wool, 146, 151 
Slubbing frames, 158, z6o, z6s 
Smelters, 47 
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Soda in giassmaking, 113 
Sodium cellulose-xanthate, 175 
Sortmg, wool, 150 
Sound-proofing, 231 
Specification, aircraft, 81-2 
Spindles in cotton industry, 158 
Spinnerets, rayon, 178 
Spinnmg, ajtton, 158, 169 

— rayon, 178 

— rmg frame, 158 

— woollen, 145-7, 149 
Spode china, 138 
Spray gun, 94 
Spriggmg, 136 
Sprinkler system, 235 
Staffordshire, iron smelting, 47 
Staple fibre, 173, 175, 180, 182 
Steam gauges, 188 

Steel manufacture, 47 
Steel tubmg, in aircraft con- 
struction, 93 

Stereoplate m printing, 242-4 
Stereotypers, 242-4 
Stitchmg, m pnnting, 250 
Stone in pnnting, 240 
Stove enamellmg shop, 92 
Stress of&ce, 82 
Structure weight, 86 
Sub-assemblies, 88, 93-4 
Sugar-beet, acreage, 203, 215 
Surface gauge, 77 
Suspension, tank, 104 
Swann, Sir Joseph, 173 

Tackier, 164 
Tail units, 88, 94 
Tank furnace, in glassmaking, 
114 

Tanks, armament, 108-110 

— construction, 98-9 

— designmg, 97, 100 

— drilhng, 103 

— production, 105 

— prototypes, 105 

— nvetmg, 106 

— suspension S3^tem, 104 

— testing, 96, 108 
Tappet looms, 132, 167 


Tapping, m iron smelting, 48 
Tar, condensed, 199 
Teacup, how made, 134 
Teazles, in woollen manufac- 
ture, 155 

Temperature in cotton mill, 
158-9 

— in glassmaking, 114 
Tensile test, 65 

Terracotta blocks, in building, 
211 

Testing, tank, 96, 108 
Test pilot, 80 
Throwmg, 151, 134 
Tiles, 129, 131 

— hollow, 221, 225 
Tillage acreage, 203 
Tilting fillet, 230 
Timber in aircraft, 86 
Tipplers m coal mimng, 42 
Toolmaker, 68 
Tool-room, 67 
Tool-setter, 74 
Topham, C. F., 178 
Tracks, tank, 101-104, 106 
Tractors m farming, 202, 214 
Trades, building, 224 
Trainees, 77, 8g 
Transfers on pottery, 137-8 
Tnal runs, tank production, 108 
Trigonometry in engineering, 78 
Tubs in coal mines, 26, 33, 34 , 41 
Tumblers, how made, 125 
Tunnelling, 31 

Tunnel oven, 131 
Turbme blades, distortion of, 
188 

Turbine house, J86-7 
Turbo-alternators, 186-8 
Turners, 70, 74 
Turret, tank, 99, 108, log 
Turret lathe, 77, 74 
Tweeds, 144 
Twist, 162 

Two-pounder gun, for tanks, 108 
Type gauge, use of, 237 
T3phoon fighter, 95 
Tyres for tanks, 105 


Undercarriage mechanism, 94 
Umt construction m bmlding, 
222 

Universal milling machine, 72 

Vegetables, acreage, 203 
Ventilating circmt, in coal 
mines, 37 

Vernier height gauge, 77 

— calliper, 78 

Vertical milling machine, 73 

— retort, 198, 201 

Walls, remforcing, 223 
Warp, 152 
Warping, 160, 162 
Washing coal, 43-4 
Waterhnes, 17 
Weather-stnps, 234 
Weaver’s beam, 152 
Weavers, women, 152 
Weaving, 16 1 
— , rayon, 178 
Wedgwood, Josiah, 138 
Weft, 152, 162 

— magazine, z6i 
Weight-estimatmg department, 

86 

Welding in aircraft industry, 93 

— in shipyards, 8, 10 
Wet plate process, 246 
Wetter-off, glass, 122, 125 
Wheat, acreage, 203 

— sowing and harvesting, 210 
Willow machine, m woollen pro- 
cesses, 145 

— pattern, 138 
Winding, 162 

Wings, construction of, 88 
Wipe joint, 222 
Winng, tanks, 107 
Wolfram, 102 
Wood pulp, 174 
workers, m aircraft pro- 
duction, 94 
Worsted goods, 144 
Wrought iron, 52 


ACKNOWLEDGMENTS 


Among those to whom thanks are due for their courtesy m allowing use to be made of illustrations which are 
their copyright, or for Information or other assistance, are: — 


Babcock & Wilcox, Ltd., British Council; British Feder- 
ation of Master Printers; British Iron & Steel Federation; 
British Pottery Association, Mr. John Bruce; J. Allan Cash, 
A.R.P.S.; Chance Brothers, Ltd ; Cotton Board; Courtauldsj 
Ltd.; Daily Herald; Davy & Umted EngineerlM Co., Ltd ; 
Electric Furnace Co , Ltd.; Farmer & Stockbreeder, 
Farmers* Weekly; Federation of Bntish Industnes, Thomas 
Fnih & John Brown, Ltd.; Ford Motor Co., Ltd.; Gas 
Light & Coke Co.; General Electnc Co., Ltd ; Gibbons 
firotheis, Ltd.; Guest Keen Baldwins Iron and Steel Co., 
Ltd.; Glass Manufacturers’ Federation; John Haigh & 
Sons, Ltd.; George Hattersley & Sons, Ltd,; R Hoe & Co 
Ltd.; Huddersfield Technical College; Hunt and Winter- 
botham, Ltd.; India Mills (Darwen), Ltd.; International 
Wool Publidtv & Reseairii Secretanat; Lmotype & 


Machineiy, Ltd; Liner Concrete Machinerv Co., Ltd.; 
London School of Printmg; John Lysaght, Ltd.; Metro- 
politan- Vickers Electncal Co., Ltd.; Mining Association 
of Great Bntam; Monotype Corporation, Ltd ; 1 . & R. 
Morley, Ltd ; Murex Welding nrocesses, Ltd.; National 
Farmers’ Union; Platt Brothers & Co., Ltd,; I^nce-Smith 
& SteUs, Ltd.; Sellers & Co. (Huddersfield), Ltd.; Simon- 
Carves, Ltd.; Wing Commander Maurice Smith, R.A.F.; 
S\riasvale Glass Machinery Corporation; The Times; Mr. 
John D Troup, Umted Steel Compames, Ltd.; Squadron- 
Leader C. H. Ward Jackson, R.A.F., Josiah Wedgwood 
& Sons, Ltd.; Wellman Smith Owen Engineering Associa- 
tion; Wool Industnes Association; Yates, Cook & Derby- 
shire; Yorkshire Eventn? Post 


Copyright T 1044 T. 


Made and Printed in Great Britain by C. Tinting & Co., L/d., Liverpool, London and Prescot. 





